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I SUMMARY 


by K. A. Adams 


Titan/Centaur TC-2 was launched from the Eastern Test Range, Complex ^1, 
at 02:11 EST on Tuesday, December 10, 197^. This was the first opera- 
tional flight of the newest NASA unmanned launch vehicle. The spacecraft 
was the Helios A, the first of the two solar probes designed and built by 
the Federal Republic of Germany. 

The primary mission objective, to place the Helios spacecraft on a helio- 
centric orbit in the ecliptic plane with a perihelion distance of 0.31 AU, 
was successfully accomplished. 

After successful injection of the Helios spacecraft, a series of experi- 
ments was performed with the Centaur stage to demonstrate its operational 
capabilities. These experiments included a one-hour zero "g" coast period 
and subsequent engine burn to demonstrate the capability to fly long coast 
planetary missions such as MJS'77 ano a three-hour zero "g" coast and sub- 
sequent engine byn to demonstrate the capability to perform geosynchronous 
missions. All objectives of this Centaur extended mission experiment phase 
were successfully met. 
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II INTRODUCTION 
by K. A. Adams 


Helios A Mission Background 


In June 1969 the Federal Republic of Germany and the United States of America 
agreed on the joint cooperative Helios solar probe project. This basic agree- 
ment provided for the design, development, test and launch of two flight space- 
craft to within 0.3 AU of the sun. Germany was assigned the responsibility 
for providing the two spacecraft, seven scientific experiments on each space- 
craft, and controlling the spacecraft throughout the mission. The United States 
was assigned the task of providing three scientific experiments on each space- 
craft, two Titan I I lE/Centaur/Del ta (TE-M-364-4) launch vehicles and tracking 
and data reception from the NASA Deep Space Network (DSN). Major contractual 
effort on the program began in 1970. In March of 1971 the German Government 
(BMBW) proposed an additional experiment. Celestial Mechanics, for the Helios 
mission. Late in the program, a Faraday Rotation experiment was also approved. 

This joint project is expected to provide new understanding of fundamental solar 
processes and Sun/Earth relationships by obtaining information and measurements 
on the solar wind, magnetic and electric fields, cosmic rays, cosmic dust and 
solar disc. It will also test the theory of general relativity. The NASA 
Lewis Research Center (LeRC) has prime reioons ibi 1 i ty for the launch vehicle. 

The NASA Goddard-Space Flight Center (GSft)— through its Helios Project is re- 

sponsible for the activities of the United States agencies which are involved 
in Helios and for provision of the United States sponsored experiments. The 
Gesellschaft fur Wei traumforschung (GfW) of the Federal Republic of Germany is 
responsible for the technical direction of the prime spacecraft contractor, 
Messerschmidt-Boel kow-Blohm GmBH (MBB-Ottobrunn) , for the German experiments, 
and for all other German organizations which contribute to the Helios project. 

The Titan 1 1 IE and Centaur D-ITR, fitted with a spin-stabilized solid propellant 
TE-M-364-4 (Delta) stage, is designed to launch the Helios A unmanned spacecraft 
into a heliocentric orbit, in the ecliptic plane, with a perihelion of approxi- 
mately 0.31 AU and an aphelion of approximately 1.0 AU. This was the first of 
two planned Helios spacecraft. The launch of Helios A was from the AFETR Launch 
Complex 41, Cape Canaveral, Florida, utilizing a parking orbit ascent mode. The 
launch of Helios B is planned for late 1975. 

Flight time of the Helios A primary mission is approximately 120 days, extending 
through the first solar occultatlon. The total mission life time, however, is 
expected to exceed 18 months with primar/ interest in the region of the orbit 
between perihelion and solar occultatlon. 

After the spacecraft was placed into its desired heliocentric trajectory, the 
Centaur vehicle continued into an experimental flight phase. During this post 
Helios experiment phase developmental data was obtained relative to the Centaur's 
capability for extended periods of zero-g coast and multiple engine starts. 
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The principal objective of the Heiios A mission is the exploration of inter 

planetary space in the proximity of the Sun by: 

- Measuring the magnetic fieid, the density, temperature, velocity and 
direction of the solar wind. 

* Studying discontinuities and shock phenomena in the Interplanetary 
medium magnetically, electrically, and by observing the behavior of 
the solar wind particles. 

- Studying radio waves and the electron plasma oscillations in their 
natural state. 

- Measuring the propagation and spatial gradient of solar and galatic 
cosmic rays. 


Studying the spatial gradient and dynamics of the interplanetary dust 
and chemical composition of dust grains. 

X-ray monitoring the solar disc by means of a Gelger-Mul ler counter. 


- Testing the theory of General Relativity with respect to both orbital 


and signal propagation effects. 



Helios A successfully accomplished its mission objectives on March 15 , 1975 , 
when it satisfied the agreed scientific measurement criteria during its peri- 
helion passage (0.309 AU) . All instruments were working and good scientific 
data was received from each of the 10 active experiments. Data has also been 
received from the two passive experiments (Celestial Mechanics and Faraday 
Rotation), but their period of maximum interest is Just before first solar 
occultatlon (mid-April). All spacecraft systems operated nominally with tem- 
peratures generally falling within a few degrees centigrade of predictions 
(except for the German Magnetometer Experiment 2). Preliminary indications 
are that Heiios B would be assigned a minimum perihelion of about 0.29 AU. 


Centaur Extended Mission Experiments 


Following injection of the Helios into its required trajectory, the Centaur 
vehicle was designed to perform developmental experiments. These Centaur 
experiments include: 

- One-hour zero-g coast capability. 

- Main engine ignition test following one-hour zero-g coast. 

- Three-hour zero-g coast with thermal maneuvers. 
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- Boost pump operation experiment with Ignitors on. 

- Zero-g boost pump dead head operation. 

Extensive special Instrumentation was installed on Centaur to provide 
engineering data which will be used to assess its capability to meet 
the requirements of future NASA, International and commercial programs. 

During the Centaur extended mission, all experiment objectives were sue 
cessfuiiy met. A detailed analysis of this mission phase will be pub- 
lished by LeRC In a separate engineering report. 
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Hellos A Spacecraft 
by K. A. Adams 


The Hellos A spacecraft (Figure 1) has a short l6*$tded cylindrical central 
body with two conical sclar arrays attached at Its upper and lower end. Above 
the central body, within and protruding above the upper solar array, Is the 
communications antenna assembly. This antenna assembly consists of a high 
gain antenna with a despun deflector that orients to face the earth, a med- 
ium gain antenna, and an onml antenna. 


There are two deployable radial booms attached to the central body on which 
are mounted the three magnetometer sensors. These two rigid booms are dia- 
metrically opposite and when deployed the boom axes are approximately radial. 
The magnetometer booms are double hinged. Magnetometer Experiment 3 is lo- 
cated at the tip of one boom and Magnetometer Experiment it is located at the 
tip of the other boom. Magnetometer Experiment 2 is located part way along 
the Magnetometer Experiment it boom. 


The spacecraft also deploys two radial flexible booms from reel type storage ;; 

to provide a 32 meter tip to tip antenna for the Radiowave Experiment 5. The i 

axis of this experiment antenna is normal to the axis of the two rigid booms 
when they are in the deployed position. I In launch configuration, the two | 

rigid booms are-folded in against the oe^ral body and the experiment antenna — i 
booms are stored on their reels. The rigid booms and flexible antenna booms 
are deployed upon command afte** initial acquisition of the spacecraft RF sig- 
nals by the DSN. J. 

The central body has a circular equipment platform at each end with several 
radial equipment platforms in between. A conical adapter attached to the 
lower circular equipment platform mates with the Delta stage payload attach ^ 

fitting to form the spacecraft to launch vehicle mechanical interface. 


With the exception of the three magnetometer experiments sensors which are 
boom mounted, the experiment sensors, their electronic units and the space- 
craft equipment are located on the radial equipment platfoinis within the 
central body or within the conical adapter. 

The central body is thermally controlled by louver systems which, along with 
second surface mirrors coverlno the central body, maintain the temperature 
Inside the central body reasonably constant during the mission. 

A battery system provides spacecraft power up to the time of sun acquisition 
and then power is provided by the solar cells. 


i 
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The spacecraft attitude control Is performed by sun sensors and a cold 
nitrogen gas jet system. Coarse and fine sensors in the sun sensor as- 
sembly will be used to complete the initial acquisition sequence by ori- 
entation of the spacecraft spin axes to a position perpendicular to the 
spacecraft - sun line. Antenna signal strength measure >ents are used to 
bring the spin axes of the spacec* af t perpendicular to the ecliptic plane. 
The final spin rate, 60 1 RPM. will be achieved by the gas Jet system, 

implemented by the ground command based on telemetered spin rate 'nfoitna- 
t i on . 

A listing of the Helios A. scientific experiments and the principal investi- 
gators is presented In Table 1. 
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TABLE I HELIOS SCIENTIFIC EXPERIMENTS 


NUMBER 

EXPERIMENT 

INVESTIGATOR 

AFFILIATION 

SCIENTIFIC OBJECTIVES 

1 

Plasma Experiment 

Rosenbauer and 
Pelkoffer 

Max Planck 
Institute, 
Garching 

Solar wind velocity measure- 
ment 



Wolfe 

Ames Research 
Center 


2 

Flux^Gate Mcgne- 
tome ter 

Neubauer and 
Ma ier 

Technical 
University of 
Braunschweig 

Interplanetary magnetic field 
measurement 

3 

Flux-Gate 

Ness and Burlaga 

Goddard Space 
Flight Center 

Interplanetary magnetic field 
measurement 



Marian! and 
Cantarano 

University of 
Rome 


k 

Search-Coi 1 
Magnetometer 

Neubauer and 
Oehmel 

Technical 
University of 
Braunschweig 

Interplanetary magnetic field 
measurement from A. 7 Hz to 2.2 
kHz 

5 

Plasma and Radio 
Wave Experiment 

Gurnett 
Kel logg 

University of Iowa 
University of 
Minnesota 

Radio wave measurement from 50 
kHz to 2 MHz 

Plasma measurement from 10 Hz 
to 100 kHz 



Stone 

Bauer 

Goddard Space 
Flight Center 


6 

Cosmic Ray 
Experiment 

Hasler and Kunow 

University of Kiel 

Energy measurements on solar 
and galactic particles 

7 

Cosmic Ray 
Experiment 

McDonald, Trainor 
Teegarden 
Roe 1 of 
McCracken 

Goddard Space 
Flight Center 

CSIRO, 

Melbourne 

Flow and energy measurements 
on solar and galactic parti- 
cles 

Measurement of solar X-ray 
emission 

8 

Electron 

Keppler and 
Wi 1 ken 

Max Planck 
Institute, 
Lindau/Harz 

Counting of solar electrons 



Williams 

GSFC 


9 

i 

Zodiacal Light 
Photometer 

Leinert and Pitz 

Landessternwarte 

Heidelberg 

Wavelength observation and 
polarization measurement of 
Zodiacal light 

19 

Micrometeroid 

Analyzer 

Fechtig and 
Weihrauch 

Max Planck 
Inst i tute, 
Heidelberg 

Mass and energy measurement of 
of interplanetary dust parti- 
cles 

M 

Celestial Mech- 
anics Experiment 

Kundt 
Mel bourne 

University of 

Hamburg 

JPL 

Verify relativity theories 

12 

i 

Faraday 

Rotation 

Experiment 

Levy 
Vol land 

JPL 

University of Bonn 

Measurement of S-Band polari- 
zation due to radio wave pas- 
sage through solar corona 


i 
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The launch vehicle for Helios A was the five stage Titan IIIE/Centaur O-ITR/ 
Delta TE-M-364-4 configuration. This was the first operational flight of 
this combination of stages. 

The overall vehicle configuration is shown in Figure 2. The Titan vehicle 
consists of a two-stage liquid propulsion core vehicle manufactured by the 
Martin Marietta Corporation and two solid rocket motors (zero stage) manu- 
factured by United Technology Center. The Titan vehicle integrator is Martin 
Marietta. The third stage is the Centaur D-ITR manufactured by General Dy- 
namics Convair Division. For the Helios A mission the Delta TE-M- 36 A-A solid 
rocket stage, manufactured by McDonnell Douglas and managed by Goddard Space 
Flight Center, was integrated into the configuration to provide additional 
velocity for this high energy mission. 

The payload fairing for this configuration is the newly developed Centaur 
Standard Shroud (CSS) manufactured by Lockheed Missiles and Space Company, 

Inc. Figure 3 shows the Centaur/CSS/Hel los A spacecraft general arrangement 
for this mission. 

The following sections of the report give a summary description of the vehi- 
cle stage configurations. Detailed subslystem descriptions can be found in 1 

the Flight Data Report for Ti tan/Centaucl.K-1 Proof Flight (NASA TM X-7l692)j I 

Only configuration differences from TC-1 will be addressed in this eport. 








FIGURE 2 OVERALL TC-2 VEHICLE CONFIGURATION 
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The Titan/Centaur booster, designated Titan 1 1 IE, was developed from the 
family of Titan III vehicles in use by the Air Force since 196^* The Titan 
1 1 IE is a modified version of the Titan 1 1 ID. Modifications were made to 
the Titan to accept steering commands and discretes from the Centaur iner- 
tial guidance system instead of a radio guidance system. In addition, a re- 
dundant programmer system was added. The Titan 1 1 IE consists of two solid 
rocket motors designated Stage 0 and the Titan III core vehicle Stages I 
and 1 1 . 

The two Solid Rocket Motors (SRM's) provide a thrust of 2. A million pounds 
at liftoff. These motors, built by United Technology Center, use propellants 
which are basically aluminum and ammonium perchlorate in a synthetic rubber 
binder. Flight control during the Stage 0 phase of flight is provided by a 
Thrust Vector Control (TVC) system in response to commands from the Titan 
flight control computer. Nitrogen tetroxide injected into the SRM nozzle 
through TVC valves deflects the thrust vector to provide control. Pressurized 
tanks attached to each solid rocket motor supply the thrust vector control 
fluid. Electrical systems on each SRM provide power for the TVC system. 

Titan core Stages I and II are built by the Martin Marietta Corporation. The 
Stages I and II propellant tanks are constructed of welded aluminum panels 

and domes whi_Le_interconnect ing skirtS-.lise conventional aluminum sheet and 

stringer construction. The Stage II forward skirt provides the attach point 
for the Centaur stage and also houses a truss structure supporting most of 
the Titan 1 1 IE electronics. A thermal barrier was added to Isolate the Titan 
1 1 IE electronics compartment from the Centaur engine compartment. 

Stages I and II are -oth powered by liquid rocket engines made by the Aerojet 
Liquid Rocket Company. Propellants for both stages are nitrogen tetroxide 
and a 50/50 combination of hydrazine and unsymmetrical dimethyl hydrazine. 

The Stage I engine consists of dual thrust chambers and turbopumps producing 

520.000 pounds thrust at altitude. Independent gimballing of the two thrust 
chambers, using a conventional hydraulic system, provides control in pitch, 
yaw, and roll during Stage I flight. 

The Stage II engine is a single thrust chamber and turbopump producing 

100.000 pounds thrust at altitude. The thrust chamber gimbals for flight 
control in pitch and yaw and the turbopump exhaust duct rotates to provide 
roll control during Stage II flight. 

The Stage I oxidizer autogenous pressurization system consisted of one super- 
heater to lower in-flight tank pressure levels from those experienced during 
TC-1 which had two superheaters. This pressurization system provides tank 
ullage pressure during Stage I burn time. 
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The Titan flight control computer provides pitch, yaw and roll commands to 
the solid rocket motor's thrust vector control system and the Stages I and 
II hydraulic actuators. The flight control computer receives attitude sig- 
nals from the three-axis reference system which contains three displacement 
gyros . 

Vehicle attitude rates in pitch and yaw are provided by the rate gyro sys- 
tem located in Stage I. In addition, the flight control computer generates 
preprogrammed pitch and yaw signals, provides signal conditioning, filtering 
and gain changes, and controls the dump of excess thrust vector control fluid. 

A roll axis control change was added to provide a variable flight azimuth 
capability for planetary launches. The Centaur computer provides steering 
programs for Stage 0 wind load relief and guidance steering for Titan Stages 
I and H. 

A flight programmer provides timing for flight control programs, gain changes 
and other discrete events. A staging timer provides acceleration-dependent 
discretes for Stage I ignition and timed discretes for other events keyed to 
staging events. The flight programmer and staging timer, operating in con- 
junction with a relay package and enable-disable circuits, comprise the electri- 
cal sequencing system. On Titan 1 1 IE a second programmer, relay packages and 
other circuits were added to provide redundancy. Also, capability for trans- 
mitting backup commands was added to the Titan systems for staging of the 
Centaur Standard Shroud and the Centaur. 

The standard Titan uses three batteries: | one for flight control and sequencingij 
one for telemetry- and instrumentation, _aiid-one for ordnance. On Titan IIIE atlr-l 
ditional separate redundant Range Safety Command system batteries were added to 
satisfy Range requirements. 

The Titan telemetry system is an S-band frequency, pulse code modulation/fre- 
quency modulation (PCM/FM) system consisting of one control converter and re- 
mote multiplexer units. The PCM format is reprogrammable. 

For this Titan vehicle, the following measurements were added beyond the stan- 
dard Titan IIIE instrumentation: six accelerometers on the Stage I engines, 

a Stage I oxidizer pump inlet pressure, two narrow band chamber pressure ■ eas- 
urements on the two Stage I engines and an orifice and venturi pressure meas- 
urement in the Stage I autogenous system. 

Many of the modifications to the Titan for Titan/Centaur were made to incor- 
porate redundancy and reliability improvements. In addition to those modifi- 
cations previourly mentioned, a fourth retrorocket was added to Stage II in 
order to ensure proper Titan/Centaur separation if one motor does not fire. 

All redundancy modifications to Titan IIIE utilized Titan flight proven com- 
ponents. 
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Centaur D-ITR 


by R. C. Kalo 


The Centaur tank Is a pressure-stabilized structure made from stainless 
steel (O.OH Inches thick in cylindrical section). A double-walled, 
vacuum- insula ted intermediate bulkhead separates the liquid oxygen tank 
from the liquid hydrogen tank. 

The entire cylindrical section of the Centaur LH 2 tank Is covered by a 
radiation shield. This shield consists of three separate layers of an 
aluminized Mylar-dacron net sandwich. The forward tank bulkhead and tank 
access door are Insulated with a multilayer aluminized Mylar. The aft 
bulkhead is covered with a membrane which is In contact with the tank bulk- 
head and a rigid radiation shield supported on brackets. The membrane is 
a layer of dacron-reinforced aluminized Mylar. The radiation shield is lade 
of laminated nylon fabric with aluminized Mylar on Its inner surface and 
white polyvinyl flouride on its outer surface. 

The forward equipment module, an aluminum conical structure, attaches to 
the tank by a short cylindrical stub adapter. Attached to the forward ring 
of the equipment module is an adapter which forms the mounting structure for 
the Delta (Fourth) Stage. 

Two modes of tank pressurization are used. Before propellant tanking, a 
helium system mal-ntains pressure. Wi th. -propel 1 ants in the tank, pressure 
is maintained by propellant boiloff. During flight, the airborne helium 
system provides supplementary pressure when required. This system also pro- 
vides pressure for the H 2 O 2 and engine controls system. 

Primary thrust is provided by two Pratt & Whitney RL10A3-3 engines, which 
develop 15,000 pounds total thrust each. The engines are fed by hydrogen 
peroxide fueled boost pumps. Engine glmballing is provided by a separate 
hydraulic system on each engine. 

During coast flight, attitude control is provided by four H 2 O 2 engine cluster 
..lanifold assemblies mounted on the tank aft bulkhead on the peripheral cen- 
ter of each quadrant. Each assembly consists of two 6-lb lateral thrust en- 
gines manifolded together. 

A retrothrust system consisting of two diametrically opposite nozzles mounted 
on the tank aft bulkhead and canted ^5“ from the vehicle longitudinal center- 
line provides the thrust for separating the Centaur from the Delta stage. 
Actuation of two parallel mounted pyrotechnic valves vent residual helium 
from the storage bottle through the two retrothrust nozzles. 

A propellant utilization system controls th? engine mixture ratio to ensure 
that both propellant tanks will be emptied simultaneously. Quantity meas- 
urement probes are mounted within the fuel and oxidizer tanks. 



The Centaur D-IT astrionics system's Teledyne Digital Computer Unit (DCU) 
is an advanced) high speed computer with a 16,38^ word random access mem- 
ory. From the DCU discretes are provided to the Sequence Control Unit 
(SCU). Engine commands go to the Servo- Inverter Unit (SlU) through six 
digitai-to-analog (D/A) channels. 

The Honeywell Inertial Reference Unit (IRU) contains a four-gimbal, all- 
attitude stable platform. Three gyros stabilize this platform, on which 
ate mounted three pulse-balanced accelerometers. A prism and window allow 
for optical azimuth alignment. Resolvers on the platform gimbals transform 
vector components from inertial to vehicle coordinates. A crystal oscilla- 
tor, which is the primary timing reference, is also contained in the IRU. 



The System Electronic Unit (SEU) provides conditioned power and sequencing 
for the IRU. Communication from the IRU to the DCU is through three analog- 
to-dlgital channels (for attitude and rate signals) and three incremental 
velocity channels. The SEU and IRU combination forms the Inertial Measuring 
Group OMG). 

The Centaur D-ITR system also provides guidance for Titan, with the stabili- 
zation function performed by the Titan. 


The central controller for the Centaur pulse code modulation PCM telemetry 
system is housed In the DCU. System capacity is 267,000 bits per second. 
The central controller services two Teledyne remote-multiplexer units on 
the Centaur D-ITR. j 

The C-Band tracking system provides ground tracking of the vehicle during 
flight. The airborne transponder returns an amplified radio-frequency sig 
nal when it detects a tracking radar's interrogation. 



The Centaur uses a basic d-c power system, provided by batteries and distrib- 
uted via harnessing. The servo~ inverter provides a-c power, 26 and 115 volts, 
single phase, AOO Hz. 


M 
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Delta TE-H-36^-4 


by R. C. Kalo 


The Delta Stage (alternately referred to as Fourth Stage or TE-M-364-4 
Stage) major assemblies consist of a spin table> TE-M-364-4 solid pro- 
pellant rocket motor, batteries, telemetry system, C-Band radar trans- 
ponder, destruct system, motor separation clamp, payload attach fitting, 
and a spacecraft separation clamp. The Delta Stage-to-Centaur interface 
is between the Centaur cylindrical adapter and the Delta spin table lower 
(non-rotating) conical adapter. 

The spin table assembly includes a four-segment petal adapter mounted on 
a bearing attached to the non-rotating conical adapter. During spinup, 
the eight spin rockets which are mounted on the spin table are ignited, 
the two redundant motor separation clamp explosive bolt assemblies are 
initiated, and centrifugal force swings the adapter segments back on 
their hinges to free the Delta Stage, the payload attach fitting and the 
Helios spacecraft. 

The TE-M-364-4 rocket motor provides an average thrust of 14,900 pounds 
over its action time of about 44 seconds. 

The MDAC 3731 Payload Attach Fitting (PAF) is a cylindrical aluminum 
structure, 31 inches high and approximately 37 inches in diameter. Four- 
teen vert i cal .aluminum stiffeners are_inciiinted externally on the attach 
fitting structure. Four formed stiffeners, mounted Internally, serve as 
spacecraft separation spring supports. The base of the attach fitting is 
attached to the forward support ring of the TE-M-364-4 motor. The Helios 
spacecraft is fastened to the attach fitting by means of a V band clamp. 

Four separation springs are utilized, each exerting a force of approximately 
130 pounds on the spacecraft in the mated configuration. After separation 
of the Helios spacecraft from the Delta stage, a yo-weight system is de- 
ployed on Delta to tumble the stage to neutralize residual motor thrust 
and prevent inadvertent impact with the spacecraft. 
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Centaur Standard Shroud 




by T. P. Cahill 


The Centaur Standard Shroud Is a Jettlsonable fairing designed to pro- 
tect the Centaur vehicle and Its payloads for a variety of space missions. 

The Centaur Standard Shroud, as shown In Figure k, consists of three major 
segments: a payload section, a tank section, and a boattall section. The 

14-foot diameter of the shroud was selected to accommodate Viking space- 
craft requirements. The separation joints sever the shroud Into clamshell 
halves. 

The shroud basic structure Is a ring stiffened aluminum and magnesium shell. 
The cylindrical sections are constructed of two light gage aluminum sheets. 

The outer sheet Is longitudinally corrugated for stiffness. The sheets are 
joined by spot welding through an epoxy adhe' Ive bond. Sheet splices, ring 
attachments, and field joints employ conventional rivet and bolted construc- 
tion. The bl-conic nose Is a semi -monocoque magnes lum-thor lum single skin 
shell. The nose dome Is stainless steel. The boattall section accomplishes 
the transition from the l4-foot shroud diameter to the 10-foot Centaur Inter- 
stage adapter. The boattall Is constructed of a ring stiffened aluminum 
sheet conical shell having external riveted hat section stiffeners. 

The Centaur Standard Shroud modular concept permits Installation of the tank 
section around the Centaur Independent |of the payload section. The payload | 

section Is Installed around the spaceci^aft In a special clean room, after 1 

which the encapsulated spacecraft Is transported to the launch pad for In- 
stallation on the Centaur. 

The lower section of the shroud provides Insulation for the Centaur liquid 
hydrogen tank during propellant tanking and prelaunch ground hold operations. 
This section has seals at each end which close off the volume between the 
Centaur tanks and the shroud. A helium purge Is required to prevent forma- 
tion of Ice In this volume. 

The shroud Is separated from the TItan/Centaur during Titan Stage II flight. 
Jettison Is accomplished when an electrical command from the Centaur Initi- 
ates the Super-Zip separation system detonation. Redundant dual explosive 
cords are confined In a flattened steel tube which lies between two notched 
plates around the circumference of the shroud near the base and up the sides 
of the shroud to the nose dome. The pressure produced by the explosive cord 
detonation expands the flattened tubes, breaking the two notched plates and 
separating the shroud Into two halves. 

To ensure reliability, two completely redundant electrical and explosive 
systems are used. If the first system should fall to function, the second 
Is automatically activated as a backup within one-half second. 
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The Titan pyrotechnic battery supplies the electrical power to Initiate 
the Centaur Standard Shroud electric pyrotechnic detonators. Primary 
and backup Jettison discrete signals are sent to the Titan squib firing 
circuitry by the Centaur Sequence Control Unit (SCU) . A tertiary Jet- 
tison signal, for additional redundancy, Is derived from the Titan sieging 
timer. 

Four base-mounted, coll -spring thrusters force each of the two severed 
shroud sections to pivot about hinge points at the base of the shroud. 
After rotating approximately 60 degrees, each shroud half separates from 
Its hinges and continues to fall back and away from the launch vehicle. 

Two additional sets of springs are Installed laterally across the Centaur 
Standard Shroud spilt lines; one set of two springs In the upper nose cone 
to assist In overcoming nose dome rubbing friction and one set of two 
springs at the top of the tank section to provide additional Impulse 
during Centaur/Shroud Jettison disconnect breakaway. 




FIGURE h - centaur STANOAitD SuROUD CON WOURA*^ iON 
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IV MISSION PROFILE AND PERFORMANCE SUMMARY 


Flight Trajectory and Performance Data 
by R. P. Kulvlnen 


Stage 0 ignition for the TC-2 launch vehicle occurred at 0711:01.057 OMT 
(0211:01.057 EST) on Tuesday, December 10, 197^, with liftoff occurring 
approximately 0.3 seconds later. The ADDJUST-designed Titan Stage 0 
steering programs for aerodynamic load relief were based on a Windsonde 
balloon which was released 2.5 hours prior to the expected launch time. 

The flight sequence of events is contained in Table 2. The Helios A por- 
tion of the mission extended from Stage 0 ignition through the TE-364-4 
burn and spacecraft separation. The Centaur extended mission commenced 
after the <«eparation of the TE-36^"^/Hel ios A from the Centaur. 

The Stage 0 phase of flight was nearly nominal. The ignition of the Stage 
I engines (87FSI) occurred at 111.6 seconds into the flight which was about 
0.1 seconds earlier than predicted. 12.0 seconds after ignition, at 124.6 
seconds into the flight, the solid rocket motors (SRM's) were jettisoned. 
The comparison of the actual trajectory with the preflight predicted tra- 
jectory showed the vehicle was extremely close to the predicted position 
and velocity at SRM jettisc^. j 

The duratioi) of Stage I portion of flight was 3.7 seconds shorter than pre- 
dicted. The Stage I/Stage II staging sequence commenced at 258.3 seconds 
with Stage I shutdown (87FS2) and was completed with separation occurring 
at 259.6 seconds. The Stage II ignition signal (91FS1) was sent simultan- 
eously with the Stage II shutdown signal (87FS2'. The vehicle was approxi- 
mately 3000 feet higher in altitude and 80 feet/sec lower in velocity than 
predicted at the time of Stage I shutdown. 

During the Titan Stage II portion of flight the Centaur Sequence Control 
Unit (SCU) commanded jettison of the Centaur Standard Shroud at 318*8 sec- 
onds into flight. This event is commanded by the Centaur SCU 60 seconds 
after the Centaur flight computer senses Titan Stage I shutdown. 

The duratio’i of the Titan Stage II portion of flight was 2.4 seconds longer 
than predicced, with Stage II shutdown occurring at 468.8 seconds into the 
flight. The Centaur DCU commanded Stage II separation 3.9 seconds after 
sensing the shutdown decel leration. 

The vehicle was 528 ft low in altitude and 60 ft/sec low in velocity at 
Titan/Centaur separation. These dispersions were well within the expected 
tolerances. 
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Centaur main engine start (MES-l) for first burn occurred at A 83.2 seconds 
into flight. The Centaur first burn terminated upon successful Insertion 
into the parking orbit at 584.0 seconds into flight. Table 3 shows that 
a highly accurate parking orbit was achieved. 

The Centaur coasted in parking orbit for 21.93 minutes in a propellant set- 
tled mode. The Centaur second burn of 273*4 seconds occurred at the end of 
the coast with main engine start (MES-2) at 1899*5 seconds into the flight 
with the guidance system commanding MECO-2 at 2172.9 seconds. 

Seventy seconds after MECO-2, the TE-M-364-4 and spacecraft were spun up. 
Separation occurred two seconds later. The second burn orbital data is 
shown in Table 3 at TE-M-364-4 separation from the Centaur. The orbitai 
data indicates a very accurate orbit was achieved by the Centaur second 
burn. 

The TE-M-364-4 burn completed the Helios portion of flight placing the space- 
craft into its final heliocentric orbit. The burn appeared to be about one 
second longer than expected. The orbital elements at spacecraft separation, 
which occurred at 2401.46 seconds, are presented in Table 3. A slightly higher 
velocity, approximately 30 ft/sec, was achieved by the TE-M-364-4. The free- 
fall trajectory simulation of the orbital elements to perihelion passage, which 
is presented in Table 4, shows that a very accurate Helios A heliocentric orbit 
was obtained. 

The Centaur, after the TE-M-364-4 was separated, performed two additional fir- 
ings of the ma in e ngines to demonstrate tp^ capabil ity to coast at least one 
hour in a zero-g mode and fire the engines as well as a longer zero-g coast 
which represented a typical geosynchronous mission sequence. Several propel- 
lant management experiments were performed in this Centaur extended mission. 

The Centaur was aligned along the radius vector such that the resultant orbit 
after the third and fourth burns would be a highly elliptical geocentric orbit. 

After the one-hour zero-g coast, the Centaur third burn occurred at 5773 sec- 
onds into the flight for a duration of 11 seconds. The Centaur then coasted 
for three hours in the zero-g mode performing thermal maneuvers. At 16584.1 
seconds into the flight the Centaur fourth and final engine firing occurred. 

The duration of this burn was 47.9 seconds which was about 0.7 seconds shorter 
than expected. The orbital elements for the extended mission are tabulated 
in Table 5* The ortib accuracy is considered satisfactory since the third 
and fourth burns were not guided. The third burn was terminated on a fixed 
burn time and the fourth burn, on an acceleration level based upon a prede- 
termined residual propellant weight. The inclination was 1.95 degrees greater 
than predicted, which indicated an out-of-plane thrust component. The incli- 
nation dispersion was investigated and was considered not to be unexpected 
for the autopilot software configuration that was flown. The investigation 
also revealed changes in some of the other orbital parameters during the coast 
phases. The orbital elements were computed from telemetered accelerometer data 
and it was concluded that these changes could be due to accelerometer bias 
errors. Because of insufficient tracking of the Centaur C-band during the 
extended mission, confirmation of these changes in orbital parameters was not 
possible. 


TABLE 2 


TC-2 HELIOS A SEQUENCE OF EVENTS 


EVENT DESCRIPTION 

NOMINAL 

(T+SECS) 

ACTUAL 

(T+SEC) 

GO INERTIAL 

T-6 

T-6 

STAGE 0 (SRMs) IGNITION 

T+O.O 

T-0 

LIFTOFF 

0.2 

0.3 

FORWARD BEARING REACTOR SEPARATION 

100.0 

100.0 

STAGE 1 IGNITION (87.FS1) 

111.73 

111.6 

STAGE 0 (SRMs) JETTISON 

123.8 

123.6 

STAGE 1 SHUTDOWN (87FS2/91FS1) 

262.0 

258.3 

STEP 1 JETTISON/STAGE II IGNITION 

262.8 

259.2 

CENTAUR STD SHROUD JETTISON 

323.0 

318.6 

STAGE II SHUTDOWN (91FS1) 

470.1 

468.8 

STAGE II JETTISON (T/C SEP) 

476.1 

472.7 

CENTAUR MES 1 

486.1 

483.2 

CENTAUR MECO 1 

584.8 

584.0 

CENTAUR MES 2 

1899.7 

1899.5 

CENTAUR MECO 2 

2176.5 

2172.9 

TE-364-A SPINUP 

2246.5 

2242.9 

te-364-4 separation 

2248.5 

2244.9 

CENTAUR RETRO 

2248.5 

2244.9 

te-364-4 ignition 

2290.5 

2285.76 

TE- 364-4 BURNOUT 

2334.3 

2330.66 
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TABLE 2 (CONT'D.) 

TC-2 HELIOS A SEQUENCE OF EVENTS 




SPACECRAFT SEPARATION 

2406.5 

2401 .46 

te-36i*-4 yo deploy 

2408.5 

2405.36 

CENTAUR MES 3 

5776.4 

5773.0 

CENTAUR MECO 3 

5787.4 

5784.0 

CENTAUR MES 4 

16587.4 

16584.1 

CENTAUR MECO 4 

16636.0 

16632.0 

SRM IGNITION TIME 

07:11:01:0572 DECEMBER 10, 1974 
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(1) Derived Orbit from Guidance Data 
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(1) OSS 1|2 Tracking Solution 




TABLE A 

aft heliocentric trajectory 



CENTAUR EXTENDED MISSION ORBITAL DATA 
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Titan Phase of FUght 
by J. L. Col t ins 


The Stage 0 (Solid Rocket Motors) propulsion performance was very close to 
the preflight predicted parameters. This situation resulted in a nominal 
trajectory being flown during the Stage 0 burn. 

The Stage I had a normal engine start transient, a normal exit closure jet- 
tison and normal oxidizer depletion shutdown characteristic. Propulsion 
parameters were very close to the prefiight predicted values which yielded 
a nominal trajectory during Stage I burn. A + 12 psi suction pressure os- 
cillation at 16 Hz was noted at about 140 seconds into the Stage I burn. 

The Stage II had a normal engine start transient and a fuel leading simul- 
taneous depletion shutdown. Propulsion parameters indicated a nominal steady 
state flight except for a chamber pressure spike of 250 psi noted during shut- 
down. 

Overall, the Titan E-2 performed its part of the overall mission in a satis- 
factory manner and at the end of Stage II burn the vehicle was nominal at 
528 ft. low in altitude and 60.0/ft/sec low in velocity. These dispersions 
were within the expected flight tolerance. 

From the Titan point of view there were sejveral firsts which are listed below: 

1. First flight of the -021 accelerometers 

2. First flight of POGO instrumentation - Stage I 

3. First flight with conformal coated Flight Control System Components 
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Centaur Phase of Flight - Primary and Extended Misston 

by R. C. Kalo 


Centaur (TC-2) successfully placed the Helios spacecraft Into a highly ac~ 
curate heliocentric orbit with the required attitude alignment. Following 
separation of the TE-M-364-4/Hei ios payload, the Centaur vehicle proceeded 
into a k i/2-hour experiment phase which successfully accomplished aii ob- 
Jectives. 

Performance of the Centaur was completely satisfactory. The Heiios mission 
was performed using a two~burn, settled parking orbit ascent mode. The post 
Heiios experiment phase consisted of a one*hour zero-G coast, a third burn 
(fixed duration of ii seconds), a 3*hour zero-G coast with roii axis thermal 
maneuvers, and a fourth burn (cutoff based on vehicle weight) followed by a 
boost pump experiment and a H 2 O 2 depletion test. Aii Heiios mission objec- 
tives, Titan/Centaur operational capability objectives, and the Centaur ex- 
periment phase objectives were satisfied. These objectives are listed as 
foi lows: 

Heiios Mission Peculiar 


1. The launch vehicle injected the Heiios spacecraft into the required helio- 
centric orbit. 

2. Centaur aiigaed the TE-M-364-4 stage.Jojt spacecraft injection burn. _ 

3 . Centaur generated the TE-M-364-4 stage spinup and separation commands. 

4. Centaur executed a retrothrust maneuver 'oi lowing separation of the TE- 
M-364-4. 

5 . Vibration data on the TE-M-364-4 payload adapter was obtained. 

6. Centaur Standard Shroud (CSS) payload cavity pressure and temperature 
data was obtained. 

7 . Total impulse of the TE-M-364-4 was verified. 

Ti tan/Centour Operational Capability 

1. 0-iTR Centaur operational 2-burn mission capability was demonstrated. 

2. D-iTR Centaur vibration loads data were obtained. 

3 . Thermal performance of the D-iTR Centaur insulation system (2-burn mission) 
was demonstrated. 

4. Performance of the computer controlled vent and pressurization system was 
demonstrated. 





ly 
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5. CSS ascent venting and control of cavity differential pressures was demon- 
strated. 

Extended Mission Experiment Phase 

1. Data was obtained to evaluate propellant behavior, heat tran-'-.sr, and pro- 
pellant tank temperature/pressure history during a one-hour zero-& coast of the 
type required for the 1977 Mariner Jupiter/Saturn mission. 

2. The D-ITR Centaur hardware and software capability for performing multiple 
main engine starts was demonstrated. 

3. Data was obtained to evaluate propellant behavior, heat transfer and propel- 
lant tank temperature/pressure history during a long zero-G coast which utilizes 
roll maneuvers for thermal control. 

H. Data was obtained to evaluate boost pump operation In a "dead-head" and en- 
gine chi 1 1 down mode In a low-G environment. 



V VEHICLE DYNAMICS 



i 

!* 

t- 

i 

i 

i 

' 


I 







by J. C. Estes and T. F, Gerus 


Dynamic loads are Imposed upon the vehicle from several sources, ''hey are 
wind loads, acoustic fields, and loads due to system dynamic response from 
engines starting and stopping. Evaluation of the flight wind loads are as 
fol lows: 

The AODJUST system designed flight steering programs PIA2000*TC02 for the 
wind profile measured by a WIndsonde balloon released at OAAIZ, December 10, 
197^« The pitch and yaw components of this wind are shown In Hgure S. Dur- 
ing prelaunch verification of the flight steering programs, peak response to 
the OAAlZ wind was calculated to be 78% of the weakest structural allowable 
(at 5^3^ feet) and 73 % of the allowable TVC steering usage (at 60000 feat). 

It should be noted that these percentages Include a combination of nominal 
wind responses with allowance:: for such unmeasured and/or non-nomlnal quanti- 
ties as gusts, buffeting, trajectory dispersions, and two-hour wind changes. 

A post-launch wind sounding was made with a JImsphere balloon released at 
0725Z, December 10, 197^. The pitch and yaw components of this wind are 
shown In Figure 6. The 0725Z sounding Is the best available measurement of 
the flight winds, although It reached critical altitude about AS minutes 
after launch. Peak calculated responses for this sounding were 8S% of the 
weakest structural allowable (at 15371 F^et) and 99.6% of the allowable TVC 
steering usage- (at 56622 feet). These .pircentages Include the same allow- i 
ances for extreme conditions described above for the prelaunch verifications. 

As may be seen in the discussions of measured TVC steering usage (Section Vil), 
Titan flight controls (S ction VII), and shroud bending moments (Section VIII). 
all the measured flight wind responses were well below the allowable. 

The acoustic levels measured above the Centaur equipment module are shown In 
Figures 7 and 8. The data Is shown for both launch and transonic and is com- 
pared with TC-1 . The acoustic level differences between TC-1 and TC-2 through- 
out the spectrum are well within expected deviations. 

The measurements that are most sensitive to dynamic response from engine^ 
starting and stopping are those at the payload interface. The accelerometer 
locations relative to the preflight dynamic model coordinates are shown in 
Figure 9 . Although CA 850 and CA 860 measured similar response to all tran- 
sients, the discussion following will compare predictions to flight measure- 
ments on GAIA, GA2A and GA3A. 


The highest lateral response measured in flight was at SUM Ignition. The 
measured response and the upper limit predicted response are shown in Figures 
10, 11, 12 and 13. The comparison between the moments resulting from the dy- 
namic responses at three most critical stations are shown in Table 6. It must 
be noted that the moment computations have accura;.y limitations since rotational 
degrees of freedom were not measured. As can be seen In the table, the moments 
resulting from the measured responses are well within the upper limit predicted 
values. 
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A tabulation of the accelerometer response due to gust and buffet Is shown 
In Table 7> The maximum predicted response is also shown. A comparison 
of bending moments due to predicted and measured responses at the three 
most critical stations is shown in Table 8. As the table indicates, the 
moments which can be reconstructed most conserve tiveiy are well within the 
upper iimit predicted values. As in the above launch transient, rotation-1 
degrees of freedom were not measured. 

Longitudinal response due to POGO occurred during Stage I flight on TC-2. 

A simplified comparison of the response level and duration measured at the 
Stage I gimbal is shown in Figure lA for the TC-1 and TC-2. The actual TC-2 
response levels measured at the payload interface are shown on Figure 15. 

The response levels measured on TC-2 were not a problem because they were 
far hslow the maximum predicted values for the other critical conditions. 

A comparison between measured acceleration and acceleration reconstructed 
using TC-2 chamber pressure at Stage I burnout are shown in Figures 16, 17 
and 18. Evaluation of this data indicates that measured longitudinal re- 
sponse (Figure 16) agrees reasonably with that reconstructed using chamber 
pressure. Although lateral response (Figures 17 and 18) does not agree as 
well, both predicted and .easured are very smail. Therefore, the previously 
predicted dispersed values for loads at Stage I shutdown are also considered 
val id. 

A comparison between predicted and measured acceleration response at MECO is 
shown in Figures 19, 20 and 21. Longitudinal response measured (Figure 19) 
is higher than predicted because the pred i'c tJon was made early in the program — — 
when the most dispersed predicted propellant level at MECO was lower than the 
actual propellant level at TC-2 MECO. As in Stage I shutdown, lateral re- 
sponse predictions (Figures 20 and 21) did not accurately match measured values 
but both predicted and actual measured values are low. 
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FIGURE 7 TC-I AND TC-2 LAUNCH PEAK 
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FIGURE 8 TC-1 AND TC-2 TRANSONIC PEAK 
SOUND PRESSURE LEVELS 
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TC-2 SRd IGNITION PREDICTED UPPER LIMIT AND RECONSTRUCTED BENDING MOMENT 

USING ACCELEROMETER DATA ' 
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FIGURE 15 

HAXIHUH STAGE I LOilGITUDlRAL OSCILLATIONS (TOGO) AT T+l'lO SEC. 
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FIGURE 16 
TC-2 

COMPARISO.) OF GAIA ilEASIIRED RESPOilSE AT STAGE I BURNOUT 
WITH ANALYTICALLY RECONSTRUCTED -RESPONSE 
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FIGURE 17 
TC-2 

.jCOilPARISOJ OF GA2A MLASURED RESPONSE AT STAGE 1, BURUOIIT 
WITH ANALYTICALLY RECONSTRUCTED RESPONSE 
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FIGURE 18 

\ 

TC-2 

COKPARISO:) OF GA3A MEASURED RESPONSE AT STAGE I BURMOUT 
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FIGURE 19 HEUOS/CENTA'JP MECO LOADS ANALYSIS 
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FIGURE 20 HELI OS/CENTAUR MECO LOADS ANALYSIS 



MEASURED AND PREDICTED LATERAL (GA2A) 
ACCELERATION AT FWD END OF HELIOS PAYLOAD 
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VI SOFTWARE PERFORMANCE 




VI SOFTWARE PERFORMANCE 
Ai rborne 
by J. L. Feagan 



All available DCU flight telemetry data was thoroughly reviewed to verify f 

that the flight software performed as designed. The data reviewed included ' 

analog plots of the DCU inputs (A/D's) and outputs (D/A's), and digital list" r, 

ings of the SCU switch commands and the software internal sequencing. The | 

digital data was also used to verify the proper operation of each module of 
the flight program as well as the transfer of data between the various mod- 
ules. The details of the software performance are elaborated upon in the 
descriptions of the various flight systems; e.g., PU, flight control, guid- 
ance, CCVAPS and trajectory. 




Computer Controlled Launch Set (CCLS) 
by A. L. Gordan 


During the TC-2 launch countdown, the performance of the CCLS was normal. 
No hardware or software problems were encountered. All CCLS countdown 
procedure tasks were performed within the allowable time marks. This in- 
cluded the receiving and loading of the OCU with ADDJUST P/Y data coef- 
ficients via the ADDJUST transmission links from GDC, San Diego. 









VII TITAN I I IE SYSTEMS ANALYSIS 


Mechanical Systems 


Airframe Structures 
by R. W. York 



The Titan E2 vehicle airframe configuration remained unchanged from the 
El Proof Flight configuration. Response of the vehicle airframe to steady- 
state loads and transient events was nominal with peaks at expected levels. 
The magnitude of the longitudinal oscillation observed during the latter 
portion of Stage I flight did not adversely affect the Titan structure. 
Pressure measurements in Titan compartment 2A indicated that the compart- 
ment pressure and thermal barrier pressure differential time histories 
were in agreement with the design data (Figures A8 and ^9*2, Section VIII). 

Propellant tank ullage pressures measured during flight indicate limit 
levels required for structural stability were maintained during all phases 
of flight. The prelaunch lockup pressure for the Stage I oxidizer tank 
was intentionally 10 psi higher than that flown on El Proof Flight. The 
additional tank pressure was required to maintain adequate structural mar- 
gin during flight in the absence of one ullage gas superheater. Flight 
ullage pressure data for the Stage I oxidizer tank indicates good correla- 
tion with predicted levels (Figure 25)- * 

SRM separation and Stage I/Stage II separation occurred within predicted 
three-sigma event times. Flight data indicates Titan ordnance for these 
events performed as expected. 

The Titan vehicle maintained structural integrity throughout all phases 
of booster ascent flight. Data from flight instrumentation agreed well 
with predicted flight values. 
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Propulsion Systems 
by R. J. Salmi and R. J. Schroeder 


SRMs 

Table 9 summarizes the ballistic performance of the E-2 SRMs. All of the 
performance parameters were normal and well within the specified limits 
except for the maximum value of the forward end chamber pressure (P^ max.) 
which was 5 to 6 percent low. The low P^ was expected and has been a 

characteristic of the SRMs produced on certain contracts, and there is con- 
sideration to change the specification. On the P^ vs. time curves of Figures 
22 and 23 , Pf. max. ^hows up as a spike at 0.5 seconds and its actual value 
has a negligible effect on the overall performance. The head end P^ tran- 
sients are shown in Figure 2k, They were smooth normal buildups as expected 
and well within the Interface specifications. The specific impulse was well 
within limits but slightly lower (about 0.5 and 0.7 percent) than experienced 
on E-1. The main difference in the propellant mix between E-1 and E-2 is that 
E-2 is made with UTC PBAN and E-1 was made with ASR PBAN. 


The Web Action Time (WAT) for E-2 was within the 106.9 seconds class, being 
slightly on the fast side whereas E-1 was of the slow burning 109.0 WAT class. 
The thrust differentials during ignition and tailoff were well within the spec- 
ification limits. During ignition, the thrust differential was 26,200 ’bs. 
(168,000 allowable) and 55,700 lbs. during! tai loff (290,000 allowable). 

Stage I and Stage II Propellant Feed System 

The Titan propellant feed systems on Stage I and Stage II wete the same con- 
figuration used on TC-1. 

The Titan Stage I and Stage II propellant tanks v<ere loaded with propellants 
based on an average expected in-flight propellant bulk temperature of 65°F. 
Stage I propellant tanks were loaded to provide a 2 sigma probability of having 
an oxidizer depletion shutdown. This was done to minimize the risk of encoun- 
tering high stage II actuator loads during the Stage II engine start transient. 
A comparison of the actual loaded propellant weights for each tank with the 
expected loaded weights is shown in Table 10. Loaded propellant weights were 
within the allowable tolerance of + 0.4 percent for *.ne oxidizer and + 0.3 
percent for the fuel . 

Stage I and Stage II propellant tanks were initially pressurized with nitrogen 
gas within the required prelaunch limits on F-1 day. Tank pressures were satis 
factor! ly maintained. Table 11 compares the recorded telemetry tank pressures 
at liftoff with the required prelaunch limits. 
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BALLISTIC PERFORMANCE COMPARISON 
SRMs 3S AND 36 



All thrust and impulse values are nozzle oenteiiine 
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FIGURE 23 VARIATION OF AFT-END CHAMBER PRESSURE WITH TIME. SRM 36 

























FIGURE 24 SRM CHAMBER PRESSURE IGNITION TRANSIENTS 










TABLE 10 TITAN LOADED PROPELLANT WEIGHTS 
STAGE I AND STAGE II - TC-2 



Expected (Lbs.) 

Actual (Lbs.) 

Stage I 



Oxidizer 

165,701 

165,850 

Fuel 

90,260 

90,343 

Stage II 



Oxidizer 

43,173 

43,242 

Fuel 

24,274 

24,295 


TABLE _n TITAN PROPELLANT TANK PRELAUNCH 

PRESSURIZATION, STAGE I AND STAGE II - TC-2 



Prelaunch Limits 
(psia) 

Value at T-30 Sec. 
(psia) 

Lower 

Upper 


Stage I 




Oxidizer Tank 

43.6 

55.0 

51.6 

Fuel Tank 

24.0 

32.0 

28.8 

Stage II 




Oxidizer Tank 

45.0 

57.0 

52.0 

Fuel Tank 

50.0 

56.0 

52.8 
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The autogenous pressurization systems on Stage I and Stage II supplied 
adequate pressurization gases to the propellant tanks during engine op- 
eration. Table 12 compares the expected average tank pressures during 
engine operation with the actual flight values. Since the Stage I oxi- 
dizer autogenous pressurization system was modified for TC-2 (see Stage 
I Engine), a comparison of the expected and actual Stage I oxidizer tank 
pressure during Stage I engine operation was made (Figure 25). The ox- 
idizer tank pressure during the Stage I engine operation was 0.8 to 2.0 
psi higher than expected and within the 3 sigma limit of previous Titan 
III flights that used the single superheater configuration. 

Stage I Engine 

The Stage I engine configuration was the same as TC-1 with the following 
changes incorporated as a result of longitudinal oscillations encountered 
on TC-1 during Stage I operation. The oxidizer autogenous pressurization 
system was changed from a dual superheater configuration to a single super- 
heater configuration. Accelerometers were mounted on the oxidizer pump 
housing, the gimbal block and the oxidizer discharge line of each engine 
subassembly. Two pressure measurements were added on the oxidizer autogen- 
ous pressurization lines. An oxidizer suction pressure measurement was 
added to the oxidizer feed line on engine subassembly two. 

Flight performance of the Titan Stage I engine was satisfactory. Engine 
start signal (87FS1) occurred at T+111.6 seconds when the accelerometer 
in the Titan flight programmer sensed a reiduction in acceleration to 1.5 g's 
during the tailoff period of the Stage 0 sioLld rocket motors. 

Separation of the thrust chamber exit closures was satisfactory as indicated 
by the normal engine start transient. The time differential between sub- 
assembly one ignition and subassembly two ignition was 0.h2 seconds. Eighty 
percent rated thrust level for each subassembly was reached with a 0.01 sec- 
ond time differential. There was no thrust overshoot produced ’n either 
subassembly. Stage I engine start transient data is shown in T? - 13. 

Engine performance during the steady-state period was satisfactory. Average 
engine thrust was 1.93 percent higher than expected, average specific impulse 
was 0.50 seconds lower than expected, and average engine mixture ratio was 
1.17 percent higher than expected. The corresponding 3 sigma dispersion 
about the expected vrlues were + 3-27 percent on thrust, + 2.3 seconds on 
specific impulse and +_2.17 percent on mixture ratio. Propellant outage 
was 2,308 pounds of fuel. This was 1,014 pounds greater than the expected 
mean outage but 868 pounds less than the expected maximum outage. Stage I 
engine steady-state performance data is shown in Table 14. 

Performance of autogenous pressurization system during engine operation was 
satisfactory. (See Stage I and Stage II Propellant Feed System). 
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TABLE 12 TITAN PROPELLANT TANK AVERAGE PRESSURES 
DURING ENGINE OPERATION - TC-2 



. Expected Value 
(psia) 

^ 

Actual Value 
(psia) 

Stage I 



Oxidizer Tank 

22.5 

23.5 

Fuel Tank 

27.3 

25.8 

Stage II 



Oxidizer Tank 

50.5 

53.8 

Fuel Tank 

54.4 

55.3 
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FIGURE 25 STAGE I OXIDIZER TANK GAS PRESSURE, TC-2 


TABLE 13 


TITAN STAGE I ENGINE START 
TRANSIENT DATA - TC-2 



Flight Values 

Parameter 

Units 

Allowable 

Actual 

Subassembly 1 Subassembly 2 

FSj^ to Ignition 

Sec. 

0.6 to 1.0 

0.77 

0.79 

Ignition to 
Rated Thrust 
Level 

Sec. 

0.125 minimum 

0.20 

0.21 

Thrust Overshoot 

Lbf. 

323,000 maximum 

No over- 
shoot 

No over- 
shoot 
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TABLE TITAN STAGE I ENGINE STEADY-STATE 

PERFORMANCE - TC-2 




Average Steadv-State Flight Values 

Paraneter 

Units 

Expected (2) 

Actual 

Thrust , total 

Ibf. 

510,383 

520,212 

Specific impulse 

sec. 

301.18 

300.68 

Mixture ratio j 0/F 

units 

1.8686 

1.8905 

Overboard propellant 
flow rate, total (1) 

Ibm/sec, 

. 1694.62 

1731.49 

Oxidizer flow rate, 
total 

Ibm/sec. 

1105.53 

1134.13 

Fuel flow rate, 
total 

Ibm/sec. 

591.64 

599.91 

Propellant outage 

Ibm 

1294 mean 
3176 max. 

2308 (fuel) 

Oxidizer temperature 

°F 

65 

59.5 

Fuel temperature 

°F 

65 

60.2 

FSj^ to FS2 

sec. 

150.3 

146.6 


Notes: (1) Excludes autogenous pressurant flow 

(2) Expected values are those used in the final pre flight 
targeted trajectory 
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Stage I engine shutdown occurred at T+258.3 seconds when the thrust chamber 
pressure switches sensed a reduction in chamber pressure and issued the en- 
gine shutdown signal (87FS2) . Engine shutdown was the result of oxidizer 
exhaustion as planned. The shutdown transient was normal for an oxidizer 
exhaustion mode. An 80 psi thrust chamber pressure spike occurred on engine 
subassembly one at 87FS2 + 0.55 seconds. This pressure spike is considered 
normal since similar spikes have been observed on three previous Titan '!i 
flights. Stage I engine operating time (FSl to FS2) was 3-7 seconds shor^j*" 
than expected as a result of the increased propellant flow rate. 

Stage II Engine 

The Stage II engine configuration was the same as TC-1. 

Flight performance of the Titan Stage II engine was satisfactory. Engine 
start signal (91FS1) occurred at T+258.3 seconds (simultaneous with Stage 
I engine shutdov/n signal, 87FS2). The Stage II engine start transient was 
normal as shown in Table 15. 

Engine steady-state performance was satisfactory. Average engine thrust was 
0.56 percent lower than expected, average specific impulse was 0.57 seconds 
higher than expected and average engine mixture ratio was 0.68 percent lower 
than expected. The corresponding 3 sigma dispersions about the expected 
values were ^ 3.80 percent on thrust, i 3*5 seconds on specific impulse and 
+ 2.66 percent on mixture ratio. Steady-state engine performance data Is 
shown in Table 16. 

i 

The engine autogenous pressurization system performed satisfactory (see Stage 
I and Stage II Propellant Feed System). 

Stage II engine shutdown (91FS2) occurred at T+A68.8 seconds when the sensed 
vehicle acceleration dropped to 1.0 g's. Engine shutdown was the result of 
fuel exhaustion followed by oxidizer exhaustion during the shutdown transient 
The shutdown transient was normal. 

Stage II engine operating time (FSl to FS2) was 2.3 seconds longer than ex- 
pected . 


n 





Flight Values 

Parameter 

Units 

Allowable 

Actual 

to Ignition 

Sec. 

• 0.5 to 0.9 

0.71 

10% to d0% Rated 
Thrust 

Sec. 

0.150 minimum 

0.20 

Thrust at Over- 
shoot 

Lbf. 

128000 max. 

98932 













TABLE _16 titan STAGE II QIGINE STEADY-STATE 

PERFORMANCE - TC-2 


Parameter 

Units 

Thrust, total 

Ibf. 

Specific impulse 
(1) 

Sec. 

Mixture ratio, 0/F 

Units 

Overboard propel- 
lant flowrate, 
total (2) 

Ibm/sec . 

Oxidizer flowrate, 
total 

Ibm/sec, 

Fuel flowrate, 
total 

Ibm/sec . 

Propellant outage 

Ibm 

Oxidizer temperature 

°F 

Fuel temperature 

°F 

to FS2 

Sec. 


Expected (3) 

Actual 

102166 

101593 

314.89 

315.46 

1.7864 

1.7741 

321.66 

319.42 

207.04 

205.09 

115.90 

115.61 

111 mean 
538 max. 

0 

65 

61.2 

65 

61.7 

208.1 

210.5 


Notes: (1) Excludes roll nozzle thrust 

(2) Excludes autogenous pressurant flow 

(3) Expected values are those used in the final preflight 
targeted trajectory 
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SRM Thrust Vector Control 




by R. J. Salmi 


The E-2 SRM TVC systems incorporated modified electro-mechanical valves 
from the type used on E-1. The E-2 valves were modified to incorporate 
a GN 2 purge system to prevent N 2 O 4 seepage into the valve drive mechanism. 

A GN 2 vent port was added and the internal GN 2 flow path was slightly en- 
larged. The modification allowed the valves to meet the 75"day wet life 
criteria (including 30 days at pressure). 

New criteria were also used for determining the TVC tank pressure at lock- 
up. In place of the constant-mass technique used on E-1, the new pressure 
technique is based on average seasonal temperature variations and daily 
temperature cycles so that the TVC tanks will not exceed the upper and lower 
pressure limits prior to liftoff. For E-2 the manifold pressures were 1041 
psig and 1038 psig at liftoff which is nearly on the average target pressure 
of 1041 psig for liftoff (964 psig low and 1119 psig high). 

The mechanical and electrical performance of the TVC system was normal; no 
anomalies were noted. The TVC dump was off 23-2 seconds on SRM 35 and 39.4 
seconds on SRM 36 because of large injectant usage during the early part 
(20-40 seconds) of the flight. The maximum dumper off time for E-1 was about 
8 seconds, 'he maximum steering command measured was 2.85 volts at t ■ 27 
sev'-onds. The hardware steering capability is for 10 volts. The TVC injec- 
tant usage is summarized in Table 17. 
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Hydraulic Systems 
by T. W. Godwin 


Perforir^nce of the hydraulic systems ->n Stage I and Stage II was normal. 

The electric motor driven pump in each stage supplied normal hydraulic 
pressure for the flight control system tests performed during countdown. 
Hydraulic pressures supplied by the turbine driven pump on each stage 
during engine ooeration were normal, except that the Stage I pressure 
indicat'ion was slightly low due to instrumentation error. Hydraulic 
reservoir levels were within limits throughout the countdown and flight. 
Stage I and Stage II hydraulic system performance data are picsented in 
Table 18. 

During flight, telemetry data i idicated the Stage I hydraulic pressure 
to be 110 psi below the lower limit. Analysis of the data indicates that 
the pressure was normal, and that there was an error in the •.strumenta- 
tlon or telemetry equipment. 

At T+0.3^5 seconds, the DRS tape indicated a "NO-GO" condition on the 
St .ge II accumulator-reservoir precharge pressure. The GO signal was 
maintained, however. Analysis indicated that the precharge pressure was 
indeed lower than average due to the low ambient temperature (58*F) on 
launch day. The pressure had been set at 1785 psia at 71 "f, and had 
dropped to approximately 17^0 psia on launch day. This condition, to- 
gether with a high setting on the pressure switch and the vibration 
caused by the Stage 0 ignition apparently caused the temporary "NO-GO" 
indication. It is stimated that a further temperature drop of 20® to 
25*F would be required to effect the loss of the "GO" signal. 

The structural loads transmitted into the Stage I hydraulic actuators 
during the Stage I engine start transient were normal. A maximum load 
of 12,1*50 pounds compression was applied to si.i.»ssembly 1 yaw/roll actuator 
3-1. The allowable load for Stage I actuators is 50,000 pounds. The Stage 
II engine start transient produced a maximum load of 9,750 pounds compres- 
sion on the Stage il yaw actuator 2-2. This is the highest loading yet ob- 
served for the 2-2 activator, and the second highest load observed for Stage 
II. It is also the highest load ever observed for a Stage I oxidizer de- 
ple>..on shutdown. The Stage II actuators have a demonstrated load canacity 
of 18,000 pounds. Table 19 shows the maximum actuator loads encountered on 
TC-2 during the engine start transients. Also shown for compariton are the 
TC-I loads and the i..aximum and minimum loads for all Titan vehicles. 
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TABLE 18 


I 


Titan Hydraulic Systems Flight Data - TC-2 


Parameter 

Units 

Expected 

Staee I 

Stage II 

Hydraulic Supply Pressure 


4500 Max. 



Max. at Pump Start 

psi 

3260.,. 
2790'- •' 

3790 

Average Steady State 

psi 

2900-3000 

2900 

Reservoir Level 





Prior to Pump Start 

% 

47-62 

49 

55 

At Max. Pump Start Press. 

% 

22-47 

31 

34.5 

Average Steady State 

% 

22-47 

30 

3b 

Shutdown Minus 5 Sec. 

% 

22-47 

1 

1 

1 32.5 

, 39 


(1) Proof pressure limit. 

(2) Out of tolerance - see text. 
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TABLE ’9 


Titan Hydraulic Actuator Maximum Loads 
During Engine Start Transients 


Units 

Ftage I 

Actuators 

Stage 

II Actuators 

Lbf. 

Subasuem 

blv One 

Subassembly Two 

! Subassembly Three 1 


Fite . 

Yaw -Roll 

Yaw -Roll 

Pitch 

Pitch 

Yaw 

Vehicle 

1-1 

2-1 

3-1 

4-1 

1-2 

2-2 

TC-2 

+3810 

+ 3,320 

+12,450 

+9540 

+5670 

+9750^^^ 


-9270 

- 5,530 

-4,980 

-4980 

^ - 510 

-7900 

TC 1 

+8250 

+11,000 

+11, 000 

-16,000 

+9700 

“rBSbO 

Titan^^^ 

+14,100 

+12,500 

+14,100 

+13,030 

+14,400 

+9750^^^ 

Family 

-12,490 

- 8,151 

- 6,920 

-16,000 

- 8,750 

-11,184 


+ Indicates compression load. 

- Indicates tension load. 

(1) Highest compression load yet observed. 

(2) Stage I data is from TIIID only. 
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Flight Controls and Sequencing System 
by E. S. Jeris and T. W. Porada 


fc' 
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The flight control system maintained vehicle stability throughout 
powered flight. All open loop pitch rates and preprogrammed events 
were issued as planned. No system or component anomalies occurred. 

DuTip programming of TVC injectant fluid was satisfactory. The dump 
command was zero for 39.^ seconds due to the long duration of ADDJUST 
steering commands from Centaur. Dump command was at zero for only 8 
seconds on E-1. After SRM jettison, the vehicle experienced an 11 
deg/sec roll rate. This roll rate is the highest recorded on TNI 
vehicles. Peak rate on previous TIM vehicles was 8 deg/sec, and on 
E-1, the peak rate was 5 deg/sec. Prior to the SRM jettison event, 
the Stage I engines corrected for an apparent roll torque. The Stage 
I engines assumed a differential gimbal angle of approximately .53 
degrees to counteract the roll torque. The cause of the roll torque 
is not well understood. Probable causes have been identified, but 
could not be proven conclusively. Among the possible causes are; 

(1) asymmetric shutdown behavior of the SRMs causing thrust dispersion, 

(2) SRM plume behavior during the shutdown causing impingement torques, 

(3) questionable aerodynamic coefficients, and (4) unknown angles of 
afack (wind data not available over 60,000 feet altitude) adding un- 
cc'tainty in aerodynamic forces. 

Command voltage to each SRM quadrant and the dynamic and static stability 
limits are shown in Figures 26 and 27. The stability limits represent the 
Til IE-2 side force constraint in terms of TVC system quadrant voltage. 

This constraint is used in conjunction with launch day wind synthetic vehi- 
cle simulations as a go/no-go criterion with respect to vehicle stability 
and control authority. Simulation responses satisfying the constraint as- 
sures a 3 sigma probability of acceptable control authority and vehicle 
stability. Maximum command during Stage 0 flight was 2.85 volts which is 
28.5 percent of the control system capability and 47*5 percent of the dy- 
namic stabi'ry limit. The peak command occurred at T+27 seconds and was 
due to Centaur ADDJUST pitch up wind load relief steering. 

For Stage I and II, the control system limit is the maximum gimbal angle 
associated with the actuator stop. Actual gimbal angle used for Stages I 
and II versus flight time is plotted in Figures 28 through 33- During 
Stage I flight, the peak gimbal angle required for control was 1.06 de- 
grees which is 25.7 percent of the maximtim gimbal angle. The peak angle 
was required at SRM jettison. During Stage II, 7*8 degrees or 22.4 per- 
cent of peak gimbal angle was the maximum gimbal angle required at CSS 
jettison. 

The control system respons- to vehicle dynamics was evaluated for each 
significant flight event. The amplitude, frequency and duration of vehi- 
cle transients, and the control system command capability required is 
shown in Table 20. 
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Both flight programmers and the staging timer issued all preprogrammed 
discretes at the proper times. The Centaur sent four discretes to the 
Titan at the proper times. The complete sequence of events with actual 
and nominal times from SRM ignition is shown in Table 21. 
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Enable Guidance Steering 2.5 N/A N/A 11.5 

(2.6° Pitch Down .8 YR) . Y .96 N/A N/A 10.0 


TABLE 20 (CONTINUED) 





E-2 flight sequence OF EVENTS 
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Electrical/Electronic Systems 
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Airborne Electrical System 
by B. L. Beaton 


Solid Rocket Motor Electrical System 

The solid rocket motor (SRM) electrical system performance was satisfactory 
with no significant anomalies. All power requirements of the SRM electrical 
system were satisfied. One minor anomaly occurred at SRM ignition when a 
bridgewire apparently shorted to structure after initiation and simultaneous 
shorting occurred in the ignitor safe and arm device. TC-1 experienced the 
same condition. 

The SRM electrical system was identical to that flown on TC-1. 

The SRM electrical system supplied the requirements of the dependent systems 
at normal voltage levels. The SRM electrical system performance is summar- 
ized in Table 22. 

The anomaly at SRM ignition was apparently caused by a short from an SRM 
igniter bridgewire positive to structure and simultaneous shorting from the 
transient return to readiness return witjhln the igniter safe and arm device. \ 
As a result, the Titan core transfer cui*rent shunt indicated 10.4 amps for — i 
approximately 355 ms. The current dropped to zero simultaneous with the re- 
moval of the current path when the SRM umbilicals were ejected. The anomaly 
had no adverse effect on any airborne system. 

Titan Core Electrical System 


The core electrical system performance was satisfactory with no anomalies. 

All power requirements of the core electrical system were satisfied. All 
voltage and current measurements indicated expected values. Some bridgewire 
shorting (after initiation) was observed at every ordnance event. 

The Titan electrical system was identical to that flown on TC-1. 

The Titan core electrical system supplied the requirements of the dependent 
systems at normal voltage and current levels. The Titan core electrical sys- 
tem performance is summarized in Table 23. 

The 800 Hz squarewave output of the static inverter was 38.15 voits during 
the entire f 1 ight. 

The TPS bus voltage was 30.3 volts d-c at TPS bus enable and rose to 31.4 
volts d-c at Titan/Centaur staging. This condition is normal due to increasing 
battery temperaLiire since the battery internal heater and the TPS bus are en- 
abled concurrently. 
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The TPS bus voHage and pyrotechnic firing currents during ordnance evv.nts 
are summarized in Table 2h. 

The transfer current indicated 10.4 amps at T-0 as previously discussed 
under SRM electrical system performance. The transfer current indicated 
that during short periods of high current demand on the APS bus, the IPS 
battery provided load sharing. This occurred at TPS enab>. Stage I en- 
gine start and Stage I/ll separation. 
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TABLE 22 SRM ELECTRICAL SYSTEM PERFORMANCE SUMMARY 
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TABLE 23 TITAN CORE VEHICLE ELECTRICAL SYSTEM PERFORMANCE SUMMARY 
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TABLE 2i» TITAN CORE VEHICLE PYROTECHNIC SYSTEM PERFORMANCE 
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Flight Termination System 
by R. E. Orzechowski 


The Titan fiight terminatijn system performance was nominai throughout the 
flight. Monitoring the receiver AGC voltages by telemetry indicated that 
sufficient signal was present throughout the powered flight to assure that 
any destruct or engine shutdown commands would have been properly executed. 

A list of station switching times is given in Table 25. Receiver safing 
command was issued at 07:21:02 GMT. 

The Range Safety command battery voltages were 32.7 VDC at lift-off and re- 
mained steady throughout the flight. The commands from the Might program- 
mer to safe the Stage I and the two SRM Inadvertent Separation Destruct Systems 
(ISDS) were Issued at their expected times. The flight programmer also issued 
the command to safe the Destruct Initiator on Stage II prior to the Titan/ 
Centaur separation. 


Table 25 ~ Station Switching Times 


Station 

Carrier On 

Carrier Off 

Mainland (Sta. 1) 

06:37:59 Z 

07:13:51 Z 

: Grand Bahama Is. (Sta. 3) j 

07:13:51 Z 

07:18:41 Z 1 

i 

1 j 

Antigua (Sta. 91 ) 

' 07:18:41 Z 

07:23: (4 Z , 



Instrumentation and Telemetry System 


by R. E. Orzechowski 


A total of 207 measurements were telemetered by the Titan Remote Multiplexed 
instrumentation System (RMIS). A summary of the types of measurements versus 
the systems in which they were monitored is given in Table 26. Preliminary 
review of the flight data indicates that all measurements yielded satisfactory 
data. 

Adequate telemetry coverage of the Titan vehicle was provided from lift-off 
to beyond Titan/Centaur separation. A summary of the predicted data coverage 
versus actual data coverage of the Titan telemetry link is given in Table 27. 

There was a data dropout of 1.5 seconds duration at 07:13:0i».8 GMT. This 
dropout was expected and is due to plume attenuation at the time of Stage 0 
separation. 
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TABLE 26 TITAN BOOSTER MEASUREMENTS SUMMARY 
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TABLE 27 


Summary of Predicted Data Coverage 
Versus Actual Data Coverage 
Titan 2287.5 MHZ Link 


STATION 

PREDICTED 

ACl 

UAL 

AOS 

LOS 

1 

AOS 

LOS 

CIF (Mainland) 

Turn On 

450 sec 

Turn On 

490 sec 

GBI (Grand Bahama) 

76 sec 

475 sec 

64 sec 

530 sec 

GTK (Grand Turk) 

250 sec 

580 sec 

184 sec 

637 sec 
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VIII CENTAUR STANDARD SHROUD 
Pref Ught/Li ftoff Functions and Venting 
by T. L. Seeholzer and W. K. Tabata 


Pre~T-0 Disconnects and Door Closures 


Included In this group of disconnects and door closures are the T-4 aft 
and the T-4 forward electrical and helium purge umbillcals shown in Fig- 
ures Ik, 35 and Umbilical disconnect and door closings are accom- 
plished by lanyards retracted by hydraulic cylinders. The forward T-4 
door is closed by torsion springs and door weights and Incorporates two 
secondary and two primary latches (Figure 37) • The door -prings and 
latches were modified in this flight to insure primary latching. The T-i* 
aft umbilical door (Figure 38 ) is closed by a door closing lanyard and iii- 
corporates two primary and one secondary latches. 

Movies and television coverage verified disconnect of the forward umbilicals 
and door closing on the primary latches. 

Microswitches mounted on the T-i* aft door verified the door closed on the 
primary latches following umbilical disconnect. Function of these micro- 
switches was included In the launch ladder. 

T-O/Li ftoff Disconnects and Door ClosureJ - 


T-0 disconnects and door closures were as follows: (Reference Figure 3**) • 

Payload Air Conditioning - I^isconnect of the payload air conditioning duct 
was accomplished by deflating the connecting seal and retracting the duct by 
a lanyard system. The door Is closed by torsion springs. Roth outer and In- 
ner doors are incorporated for redundancy (reference Figure 39) • 

Equipment Module Air Conditioning and Line of Sight - Disconnect of the equip- 
ment module air conditioning duct Is similar to the payload air conditioning 
disconnect function. Door closure is accomplished by torsion springs and door 
weight. The door incorporates one primary and one secondary latch (reference 
Figure kO) . 

Forward Electrical Umbilical - Identical to the 1-k forward umbilical (refer- 
ence Figures 38 and 37)* This door and the equipment module air conditioning 
line of sight door springs anw latches had been modified for this flight to 
insure primary latching. 

LHj Vent Fin Disconnect - Disconnect of this duct Is accomplished by a fly-a- 
way lanyard system (reference Figure k\) . 
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FIGURE 34 PREFLIGHT LIFTOFF FUNCTIONS 





T-4 AFT PANEL AND DOOR 











INCREASED TORQUE SPRING 
Tm/vstED = 58 IN. -LB 
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FIGURE 37 CSS T-4 FORWARD DOOR DETAILS 





T-4 DOOR LATCHES 




DIFFUSER 
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figure ^0 EQUIPMENT MODULE AIR CONDITIONING AND LINE OF SIGHT DOOR 





FIGURE 41 , 'VENT FIN DISCONNECT 



LHa and LO 2 FID and Drain Valve Disconnects and Doors - Disconnect of the 
valve Is accomplished by a lanyard system which disconnects the valve by 
fracturing frangible bolts. Doors are closed by lanyards and incorporate 
two primary and one secondary latches (reference Figures kl and 43). 

Interstage Adapter Air Conditioning - Disconnect and door closing are similar 
to the payload air conditioning (reference Figure 33). 

All functions of the T-0 disconnects and doors were verified by movie and 
television camera data. For the T-4, T-0 and Equipment Module Air Condi- 
tioning Line of Sight doors, a reference line was painted on the primary 
latch housing and a dot was painted on the pawl retaining pin to assist in 
determining primary door latching (Figure 37). Movies covering these doors 
verified primary latching. 

Centaur Standard Shroud Ascent Vent System 

The Centaur Standard Shroud Ascent and Vent System controls the vending of 
seven separate compartments. The venting rates are controlled to minimize 
vehicle and spacecraft structural differential pressures during ascent through 
the atmosphere. The seven vented compartments, the contained gas media and 
volumes, the vent areas and the number of vents for the TC-2 vehicle are shown 
In Figure 44. The TC-2 and TC-1 Proof Flight CSS Ascent Vent Systems were 
identical except for how one compartment. Compartment 4A, was vented. 

Compartment 1, the Helios A spacecraft, had an Internal volume of 66 cubic | 

feet of nltrogeo-whlch was vented I nto_,tlie_CSS payload compartment. The I 

Helios A spacecraft presented no venting problem. 

Compartment 2, the payload compartment, and Compartment 3, the Centaur elec- 
tronics compartment, were essentially one compartment. The Environmental 
Shield which separated the two compartments provided liberal communication 
between compartments. Compartment 2/3 had a combined volume of 3787 cubic 
feet of nitrogen gas. 

Compartment 4A, the Centaur equipment module compartment, was bounded by the 
Centaur Equipment Module, the Centaur Stub Adapter and the top of the Centaur 
LH 2 tank. This 78 cubic feet compartment was purged with helium on the ground. 
The helium purge was required to prevent cryo-pumping of condensable gases In- 
to the LH 2 tank. During the launch countdown ladder just prior to liftoff, a 
spring-loaded door In the Equipment Module was opened by a pyrotechnic pin pul- 
ler providing 9.5 square inches of vent area Into Compartment 3 through a flber- 
glas duct. 

in flight, the nitrogen gas In Compartments 1 and 2/3 and the helium gas in 
Compartment 4 a were vented through 125 square Inches of vent area distributed 
In 11 rectangular vents distributed around the circumference of the CSS. 



FIGURE '•2 LHn AND LQX FILL AND IH»IN VALVE CHUTE AND DOOR 





FIGURE ^3 LH 2 and LOX FILL AND DRAIN VALVE DISCONNECT DETAILS 



Centaur Standard Shroud Ascent Vent System Schematic 






Compartment k, the LH 2 Tank Compartment, was also purged on the ground with 
helium to prevent cryopumping. The compartment's 1370 cubic feet volume was 
bounded by the CSS Forward Seal and the CSS Aft Seal. Venting In flight was 
through five circular holes in the LH 2 Fill and Drain Valve Chute Door. The 
total vent area was 2k square inches. 

Compartment 5 was the Centaur Interstage Compartment. The total volume was 
839 cubic feet and was purged on the ground with 120®F dry nitrogen for thermal 
conditioning the Centaur Propulsion and H 2 O 2 System components. Venting was 
accomplished through 90 square Inches distributed in nine vents distributed 
around the circumference of the CSS just forward of the CSS conical boattail. 

Compartment 6 , the Titan Forward Skirt compartment, had a volume of J38 cubic 
feet. This compartment Is vented through two ducts which lead to four vents 
(total kO square Inches) which are located at the same vehicle station as the 
Centaur Interstage compartment vents. The vents for the two compartments were 
co-station In order to minimize the differential pressure across the Thermal 
Barrier which separated the two compartments. The Thermal Barrier was required 
because Compartment 6 was conditioned on the ground with 7f*‘*F air. 

As mentioned, the CSS Ascent Vent System was passive. All vents, except ont , 
were rectangular In shape and contained fi'jerglas honeycomb inserts which were 
canted aft at 30 degrees. The only peculiar vent was the Compartment 4 vent 
which was five circular holes in the LH 2 Fill and Drain Valve Chute Door. 

The TC-2 measured Internal compartment pretsures as a function of flight time I 

for CompartmentS-2/3 , 4, 5 and 6 are shounlLn Figures 45, 46, 47, 48, respec- 1 

tlvely. Shown with the TC-2 flight values are curvec of preflight estimates 
and TC-1 Proof Flight data. For all four compartments, the agreement of TC-2 
flight data with preflight estimates and TC-l flight data were quite good. 

There Is a time bias between flights and the preflight estimates due to actual 
trajectory flown. Compartment 4A pressure data are not presented. For TC-2, 
this compartment was vented to minimize differential pressure a ross the Centaur 
Equipment Module. Flight data Indicate this was the case. Compartment 4A pres- 
sures were within 0. l psl of Compartment 2/3 pressures during the flight. 

A better Indication of how well the Ascent Vent System functioned In flight Is 
the comparison of compartment differential pressures rather than Individual 
compartment internal pressures. The differential pressure across the CSS For- 
ward Seal, the Centaur Stub Adapter, the Centaur Equipment Module, the CSS Aft 
Seal and the Thermal Barrier as a function of TC-2 flight time are shown in 
Figure 49. 

The CSS Forward Seal differential pressures (Compartment 4-Compartment 2/3) 
agree well with TC-I flight data and the preflight estimate. Again, a time 
bias exists because of the actual trajectory flown. The maximum values were 
- 0.05 psid crush and -«-1.15 psid burst. Both values were well within the design 
limits of +2.8 psid burst and -1.6 psid crush. 
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The Centaur Stub Adapter differential pressures (Compartment 4A-Compartment 
4) were identical to the Forward Seal data; i.e., no differential pressure 
acro>s the Centaur Equipment Hoduie, so burst pressures across the Forward 
Seat were crush pressures across the Stub Adapter. Flight data were well 
within the design limits of ■•■1.6 psid burst and *2.8 psid crush and agreed 
well with the preflight estimate. TC-i did not have a comparable Stub Adapter 
differential pressure because Compartment 4 a was vented differently. On TC-1 
with the payload mounted on a truss adapter directly to the Stub Adapter, Com- 
partment 4A was vented directly into Compartment 4 in order to minimize crush 
pressure loading on the Stub Adapter. On lC-2 with the Helios A spacecraft 
mounted to the Centaur Equipment Module, Compartment 4A wa<> vented into Com-'e^t- 
ment 3 in order to minimize crush pressure loading on the Equipment Module. This 
is a CiZ Ascent Vent System mission peculiarity. 

The differential pressure across the Equipment Module (Compartment 4A-Compartment 
2/3) v'as essentially zero during flight. Again, there was no comparuble measure- 
ment on TC-1 due to how Compartment 4A was vented. 

The CSS Aft Seal differential pressures (Compartment 4-Compartment 5) were less 
than the preflight estimate and less than the TC-1 values. Maximum crush was 
-0.05 psid and the maximum burst was 0.35 psid. Both values were well within 
the design limits of ■•■2.8 psid burst and -1.3 psid crush. 

The maximum Thermal Barrier differential pressures (Compartment 5“Compnrtment 6) 
were -0.05 psid crush and ■•■O.l psid burst; well within the design limits of ■••1.3 
' >id burst and -1.0 psid crush. I 


Another indication of the performance of the CSS Ascent Vent System is the dif- 
ferential pressures across portions of the CSS, the Centaur Interstage Adapter, 
and the Titan Forward Skirt compartments. These data are presented in the re- 
port section entitled, CSS and Vehicle Aerodynamics. 

The CSS Ascent Vent System also had a constraint to minimize the maximum rate 
of pressure decay in the spacecraft compartment during the transonic portion of 
flight. An expanded time plot of the spacecraft compartment (Compartment 2/3) 
internal pressures during the transonic is shown in Figure 50. As indicated in 
Figure 50, the maximum pressure decay rate was approximately -.75 ps i/second. 
This value compares well with the preflight estimate of 0.89 psi/second and the 
TC-1 flight value of 0.75 psi/second. The time bias due to actual trajectory 
flown is again apparent In Figure 50. 

The TC-2 Centaur Standard Shroud Ascent Vent System performed satisfactorily 
and as designed. 

1. Compartment pressure time histories and compartment differential pressures 
agreed well with preflight estimates and with TC-1 flight data. 

2. The spacecraft compartment maximum pressure decay rate during transonic 
agreed well with the preflight estimate and TC-1 flight data. 


RATE IN: SPACECRAFT. COMPARTMENT 



F4^re 50 Maximum Pressure Decay Rate in Spacecraft Compartment During Transonic 









by J. C. Estes and H. L. Jones 


Aerodynamic Pressures - The location and the arrangement of the Instrumenta- 
tion used to measure the differential pressures across the wails of the CSS, 
the ISA and the Titan forward compartment are shown in Figure 51. The time 
history of these differential pressures is shown in Figure 52. Comparable 
data from the TC-l flight are also shown on this figure. All differential 
pressures remained well below the design limits, which are included on the 
figure, throughout the atmospheric portion of the flight. 

At Station 2678 measurement CAitISP became noisy from approximately 32 to 38 
seconds in the flight (Figure 52.4). The same phenomenon was observed on TC-l 
and can probably oe attributed to be a separated flow field at the cone/cylinder 
juncture (Station 2680.66) in the transonic speed range. 

The proximity of the Titan forward compartment instrumentation to the solid 
rocket motors created a considerable amount of high frequency pressure oscilla- 
tions. Consequently, the data shown for these measurements represent envelopes 
of the maximum burst and crush pressures. 

It can be seen from the data at those stations where there was multiple instru- 
mentation that there were only minor circumferential variations of pressure, 
indicating a very low vehicle angle of attack during the portion of the flight 
that had aerodynamic significance. | 



♦ 


Aerodynamic Temperatures - Figure 53 shows the station and circumferential lo- 
cation of the 20 shroud and interstage adapter external temperature measurements. 
Time histories of the temperature measurements are shown in Figure 54. The TC-2 
temperatures are generally lower than comparable measurements on the TC-l flight. 
All flight measurements were well below the design temperatures used for the 
shroud heated jettison tests conducted at Plum Brook Station. 
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Figure 51 Location of CSS, ISA, & Titan Forward Compartment 
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by C. W. Eastwood 


The flight loads, both axial and bending moments, on the shroud were cal- 
culated from structural strains that were sensed by strain measurements 
composed of strain gage arrays. Near the aft end of the shroud, four ar- 
rays were located at Station 2294 and spaced 90 degrees apart at azimuths 
24®, 114®, 204® and 294® as shown in Figure 55. Each array consisted of 
four uniaxial gages mounted on the exterior skin corrugations and connected 
electrically as shown in Figure 56. The strain measurements were installed 
on the shroud prior to buildup on the vehicle and were zeroed after erection 
on the launch pad. Consequently, the tare weight of the shroud (50,000 lbs) 
forward of the strain gages was nulled-out. Although the value is small com- 
pared to the fl ight maximum load, the data presented has been corrected to 
include the shroud tare weight. 

The maximum combined loads on the shroud at Station 2294 occurred at T + 38.3 
seconds. The equivalent axial load at that time was 229,500 pounds on the 
compression side and 160,500 pounds tension load on the opposite side. Of 
this equivalent axial load, 34,500 pounds were direct axial load and 195,000 
pounds were from a bending moment of 8.19 x 10® inch-pounds. The direct axial 
load was composed of 25,500 pounds of aerodynamic loading and 9,000 pounds of 
inertia loading from the vehicle acceleration of 1.8 g. The loads experienced 
by the CSS during TC-2 flight are listed ijn Table 28. Loads for TC-1 flight | 
and loads applied. -to the test CSS also arel-Lncl uded in the table for compari-. — i 
son. Maximum equivalent axial loads on the CSS for TC-2 flight, although 
higher than for TC-1 flight, were less than 47 percent of the test maximum 
values. 










156 





I 


P (Axifil Load) 



Figure, 55 Structural Strain Measurement Locations on CSS* 
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TABLE 28 


CSS structural Flight Loads and Llnlt Test Loads, Station 2294 


(Includes weight of shroud forward of station 2294 in all axial values) 


Flight 

Event 

Nominal 

Time, 

Sec. 

Total 

Axial 

Load, 

Lbs. 

C=Comp. 
TvTens . 

Bending 
Moment, 
in. lbs. 

xlO® 



Vehicle 

Accel., 

g 

Total Equivalent 
Axial Load at 
Extreme Fiber, 

Lb s •> 

Comoresslon 


TC-2 

r 

TC-2 

TC-1 

Zero Reference 


6,000 C 

1.77 

1.00 

17,200 

5,000 


T4-6. 

36,300 C 

0.97 

1.60 

58,500 

97,900 

Transonic 

T-l-38.3 

34,500 C 

8.19 

1.80 

889,500 

150,400 


T-Hl. 

42,000 C 

6.28 

1.80 

190,000 

74,800 

4 — - ■ — 

Test Limit Loads 

1 


With FBR 

84,300 C 

14.0 

1.00 

357,600 

Without FBR 

94,600 C 

17.0 

1.00 

499,100 ; 







































by C. W. Eastwood and T. L. Seeholzer 


Forward Bearing Reaction Separation 


Separation of the six forward bearing reaction struts was accomplished by re- 
dundant explosive bolts. Following bolt separation, the strut halves were re- 
tracted against the CSS by a spring loaded retractor and against the stub adapter 
by a tension spring (reference Figures 57 and 58). Explosive separation bolts 
were located as shown in Figure 59- Bolt separation was caused by actuation of 
two electro-explosive devices (cartridge). Firing of either cartridge will sep- 
arate the bolts. Pressure produced by the cartridge was converted into a force 
by means of two pistons and a silicone rubber force amplifier. (See Figurr 60 
for bolt details.) The resultant force fractured the bolts in the grooved area. 
This bolt had been successfully employed on the Atlas/Centaur vehicle for nose 
fairing separation. See Section VII for further description of the forward bear- 
ing reaction system. 

Forward Bearing Reaction (FBR) system separation was nominally programmed to 
occur at T + 100 seconds. At this time, the vehicle has passed through the per- 
iod of maximum loading. FBR separation actually occurred at T + 100.0 seconds. 
Separation of all six struts was verified by breakwl res across the strut separa- 
tion planes. 

Forward Seal Release - ' 

The forward seal. Illustrated by Figure 61, was located at Station 245^ between 
the CSS and Centaur stub adaptei . The seal consisted of a silicone rubberized 
dacron fabric attached to the stub adapter by bolts and retained on the CSS for- 
ward bulkhead by a cable and retaining mechanism. A 5/l6-inch diameter segmented 
teflon bead on the outboard edge of the seal held the seal under the cable. 


A redundant explosive bolt was employed to release the seal. This is the same 
bolt as used for forward bearing reaction separation, see Figure 58. Two bolts, 
one at each split line, were attached to the seal retaining cable as shown in 
Figure 61. When the bolts separated, the cable tension was relaxed and the seal 
released. Seal release assist retractors were located around the periphery of 
the seal to assist in raising the seal bead over the retainer lip. Two seal re- 
tractors were located at the LH 2 vent nozzles to insure seal retraction over the 
nozzles (reference Figure 62). 


Forward seal release occurred at T + 211.2 seconds. Breakwl res mounted across 
each explosive bolt housing verified the bolts separated at this time releasing 
the seal retaining cable. Nominal Jettison of the Centaur Standard Shroud verified 
the seal had completely released. 






FICniRE 58 FORWARD BEARING REACTION STRUT INSTALLATION 
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FIGURE 60 FORWARD BEARING REACTION SEPARATION BOLT LOCATION AND DETAII.S 
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Super*Ztp Separation and Jettison 

Super*Zfp separation systems, both primary and secondary, are shown in Figures 
63 and 64. The systems incorporate a longitudinal and circumferential joint 
consisting of two explosive cords in a stainless steel tube as shown in Figures 
65 and 66. When either cord is ignited, the resultant pressure expands the tubn 
and fractures the frangible doublers. 

The secondary system is fired .5 seconds after primary command only in the event 
the primary system fails to separate the shroud. Each joint is redundantly ac- 
tuated by electric detonators as shown in Figures 67 and 68. At the payload 
section, there are detonation transfer lines which bridge the field joint and 
fire the cord by means of nonelectric detonators (reference Figure 64). 


De-activation of the secondary system is accomplished by electrical disconnects 
located at the base of the shroud as shown in Figure 69- For the TC-2 flight, 
two of the disconnects (P4 j 4 and P7J7) were modified by incorporation of an ad- 
ditional 1.125 inch stroke as shown in Figures 69 and 70. CSS jettison tests 
conducted after the TC-1 flight and the TC-1 flight data indicated the .33 inch 
stroke disconnect will disengage upon separation of the circumferential joint 
prior to shroud half rotation. This condition will result in premature de-acti- 
vation of the secondary system. The increased disconnects eliminate the above 
cond i t ion . 

Jettison of the CSS following joint separation Is accomplished by eight jettison 
springs located at the base of the CSS and [four helper springs on the split lines | 
as shown in Figure 71. -- — — ^ 


At T + 318.60 seconds the Super*Zip primary system actuated and separated the CSS 
from the vehicle. The jettison springs rotated the CSS halves on the hinges un- 
til the shroud jettisoned free of the Titan/Centaur vehicle 2.8 seconds later. 
Breakwires listed in Table 29 provided time of 3“, 8® and 32® CSS half rotation. 
The time for 3® and 8® angles of rotation are approximately the same for each 
half indicating a nominal separation and Jettison function. At 32® rotation the 
capped or heavy half time is .3 seconds longer than the uncapped half which is 
normal performance. Differences in TC-1 and TC-2 CSS rotation times are due to 
the higher G field in which the TC-2 shroud was jettisoned. TC-2 CSS jettison 
occurred 45 seconds later than TC-1. 


Primary system separation of the CSS was verified by comparison of command times, 
accelerometer data, hinge strain data and breakwi re/d i sconnect data. Table 30 
lists the command times for the primary and secondary systems. At T + 318.60 
seconds accelerometers and hinge strain gages verify the Super*Zip primary system 
fired coincident with primary system command. The secondary system command oc- 
curred at 319.10 seconds (as programmed). Also, as per configuration, the secondary 
system did not fire since the CSS had already rotated over 8®, and disconnected the 
electrical lines which transmit power to the secondary detonators. Table 30 also 
lists electr lal disconnect times for the .38 and 1.50 inch stroke disconnects 
verifying th«.c the 1.50 inch stroke disconnect provides proper de-activation of 
the secondary system. 


167 





NONCONTAMINATING REDUNDANT SYSTEM 
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FIGURE 63 SUPER*ZIP SEPARATION SYSTEM 
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FIGURE 67 ELECTRIC DETONATOR 
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FIGURE 68 DETONATOR BLOCK ASSEMBLY 
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FIGURE 69 SUPER*ZIP SYSTEM ELECTRICAL DISCONNECTS 


TC>2 AND ON CONFfGURATK)N 
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BREAKWIRE 


(ROTATION AND LOCATION) 

3° QUAD I 

CAPPED 



VBLE 29 

lEAKWIRE SUMMARY 


ACTIVATION 

TIME 

(SEC) 

318.99 

319.01 


TIME FROM 
PRIMARY COMMAND 


TC-2 

(SEC) 

.39 

.41 


TC-1 

(SEC) 

.40 

.42 

.39 


SAMPLING 

RATE 

(HZ) 

697 

697 


319.01 


41 


697 
































TABLE 30 


SUPER*ZIP COMMAND 


AND 

ELECTRICAL DISCONNECT ACTIVATION TIMES 


FUNCTION 

LOCATION 

ACTIVATION 

TIME 

(SEC) 

TIME FROM 
PRIMARY COMMAND 

SAMPLING 

RATE 

(HZ) 

TC-2 

(SEC) 

TC-1 

(SEC) 

PRIMARY 

COMMAND 

— 

318.60 

— 

— 

— 

ELECTRICAL 
DISCONNECT 
1.50 in. STROKE 

QUAD I 
(CAPPED) 

318.83 

.23 

N/A 

100 

ELECTRICAL 
DISCONNECT 
.38 in. STROKE 

QUAD II 
(CAPPED) 

318.64 

.04 

.04 

100 

ELECTRICAL 
DISCONNECT 
1.50 in. STROKE 

QUAD III 
(CAPPED) 

318.83 

.23 

N/A 

100 

ELECTRICAL 
DISCONNECT 
.38 in. STRODE 


318.64 

.04 

.04 

100 

SECONDARY 

COMMAND 

— 

319.10 

.500 

.500 

— 
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Shroud Jettison Hinge Loads 

The shroud jettison strains were sensed by strain measurements and the strains 
converted to stress values. Because of the complexity of the jettison loads 
on the shroud hinges combined with the limitation of the available instrumenta- 
tion, the loads on the hinges were assessed by comparing flight strains in the 
aft hinge support longerons to those experienced in the shroud jettison tests 
and the hinge static load tests. 

Strain gage arrays were located on the aft hinge longeron webs. Each array con- 
sisted of four uniaxial gag s centered on Station 218? and electrically connected 
to compensate for temperature variations and to give augmented signal voltage 
output as shown in figure 72. 

Prior to shroud jettison, stresses in the aft hinge longerons were small in 
value as expected. The hinge longerons are designed primarily for loading at 
shroud jettison and only peripheral loads are transm tted to them in the course 
of the fl ight. 

At shroud jettison the stresses in the four aft hinge longerons went from zero 
to maximum tension values in 0.04 second as follows: 

Hinge Longeron at 77* azimuth, 2300 psi tension 

Hinge Longeron at 103* azimuth, 2000 psi tension 

Hinge Longeron at 257* azimuth, 1950 psi tension 

Hinge Longeron at 283* azimuth, 2400 psi tension 

i ' 

These values compare to 2200, 2500, l800.-add--l 900 psi, respectively, for TC-1 i 

and to 2900 psi and 1950 psi maximum tension in the Heated/Altitude Jettison 
Tests Nos. 1 and 2, respectively, and to 6080 psi maximum In the Hinge Static 
Load Test. 

The hinge longeron stresses were oscillatory tension stresses during the initial 
phase of the jettison event as expected. The oscillations were at approximately 
11.5 Hz with the amplitudes damping essentially to zero by 0.6 seconds. From 0.6 
seconds until the shroud separated from the vehicle, the hinge longeron stresses 
were compression stresses of varying magnitudes. The maximum compression stresses 
were: 

Hinge at 77* azimuth, 360 psi compression 

Hinge at 103* azimuth, 420 psi compression 

Hinge at 257* azimuth, 540 psi compression 

Hinge at 283* azimuth, 690 psi compression 

By comparison the maximum compressive stresses in the aft hinge longerons for 
TC-1 were 1000, 1300, 800 and 700 psi, respectively. Whereas the values in the 
No. 1 and No. 2 Heated /A1 t i tude Jettison Tests were 400 psi and 500 psi, respec- 
tively. The longeron moximurn stress value in the Hinge Static Load Test was 
7750 psi. 
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Shroud jettison loads as evidenced by aft hinge longeron strains started at 
T + 318.7 seconds and the last Indication of longeron strains which was as- 
sociated with completed Jettison of the shroud from the vehicle was at T -t- 
321.5 seconds. The duration of shroud jettison was 2.8 seconds and compares 
to 2.8 seconds for TC-1 shroud jettison and 2.7 seconds for the Heated/Altitude 
Jettison Tests. 

The stresses In the aft hinge longerons during shroud jettison were of low value 
and compared well to the Heated/Altitude Jettison Tests data and were consider- 
ably less than half of the value of the stresses In the Hinge Static Load Test 
as shown in Table 31* Data traces of the flight shroud jettison in each aft 
hinge longeron versus time are compared In Figure 73 to curves from TC-1 shroud 
jettison. As shown, the traces are similar both In magnitude and in stress flue 
tuation. 
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TABLE 31 


Hinge Jettison Stresses 


In Aft Hinge Longerons at Station 2187. 





Flight Maxlmunis 

Test Maxlfflums 




Capped 

Half 

(90^) 

Uncapped 

Half^ 

(270®) 

Heated 

Altitude 

Jettison 

Static 

Struct, 


, 1 

Time, 

Sec. 

77 

Hinge 

psl 

■ 1 

103® 

Hinge 

psl 

— 

0 

257 

Hinge 

nsl 

0 

233 

Hinge 

psl 

n 

n 

psl 

^2 

nsi 

psl 

Max. Tension 

TC-2 

T+318.72 

2300 

2000 

1950 


2400 

2200 

6080 


TC-1 

Tf374.03 

2200 

2500 

1300 


Max. Compr. 

TC-8 


560 

400 

540 

690 

750 

800 

7750 


TC-1 
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1000 

1300 

300 

700 
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Mechanical Systems 
Structures 


by R. T. Barrett, C. W. Eastwood, R. C. Edwards, 
T. L. Seeholzer and J. 0. VanVleet 


The ISA satisfactorily transferred all Centaur and CSS loadings onto the 
Titan Skirt structure. The ISA forward ring was completely severed at Titan/ 
Centaur staging and the vehicles separated at a constant acceleration. 

The ullage pressures in the Centaur propellant compartments were within pre- 
scribed limits. Sufficient pressure was maintained to prevent buckling and 
maximum pressures did not exceed burst limits of the tank structure. 

The structural components located on the forward portion of the Centaur tank 
satisfactorily supported the payload and electronic packages. The stub adapter 
structure safely withstood the tangential loading oT the six FBR struts. 

The Forward Bearing Reactor struts successfully transferred flight loads from 
the CSS to the Centaur stub adapter. The magnitude of these loads was well with- 
in the demonstrated capability. 

Interstage Adapter . 

The interstage adapter (ISA) provides a physical connection between the Titan 
forward skirt (at Station 2127.^3) and the Centaur (at Station 22140.79). In 
addition, it provides a support ring for the Centaur Standard Shroud at Station 
2180.48 as shown in Figure 74. 

A separation monitoring device (yo-yo) was mounted between the ISA and the 
Centaur aft bulkhead (Figure 75). This yo-yo was instrumented and plotted during 
flight for a total of 15 feet after separation to verify that separation was satis 
factory. 

The flight loads, both axial and bending moments, on the forward section of the 
interstage adapter (ISA) were calculated from structural strains that were sensed 
by strain measurements composed of strain gage arrays. On the section of the ISA 
forward of the shroud/ISA interface, four strain gage arrays were located at Sta- 
tion 2208 and spaced 90 degrees apart at azimuths 24®, 114®, 204® and 294® as 
shown in Figurn 76. Each array consisted of four uniaxial gages mounted on the 
stringers and electrically connected as shown in Figure 77* 

Prior to propeilant tanking of the vehicle, the strain measurements were zeroed. 
This method of reference required the addition of the weight (in a 1 -g field) of 
the dry Centaur, the forward adapters and equipment, and the Hel ios-A spacecraft, 
totalling 8,400 pounds, to all axial loads on the forward ISA. Also, a calibra- 
tion factor of 0.79 was applied to the indicated bending moments on the ISA. The 
calibration factor wes determined from the imit Load Static Structural Tests 
(reference 1). 
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Figure' 76 Strueturnl Strain Measurement Locations on ISA, 
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Figure 77 Centaur Interatagc Adapter Strain Oagoa# 
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The > -yo separation trace was very smooth (Figure 78), indicating a normal 
separation. Since the i A is 9.5 feet long and the total yo-yo travel is 
15 feet, the ISA cleared the Centaur. 

The maximum combined loads on the ISA at Station 22C3 were at T -»■ 257 sec- 
onds at maximum acceleration during Stage I burn. The equivcient axial load 
at that time \ as 128,500 pounds on the cot. ,.re' >ion side and 126,300 pounds 
compression on the opposite side. Of this equivalent axial load, 127,1*00 
pounds were direct axial iocd and 1,100 pounds were from a bending moment of 
0.03 X 10® inch-pounds. 

The maximum bending moment on the ISA at Station 2208 was l.lA x 10^ inch- 
pounds at T + 38.3 seconds. A: t. .t time f‘.e axiai load vas 52.200 pounds 
compression at Statioit 2208 on the ISA. The equivalent axial load was 100,200 
pounds on the compressive s'’*; and 2A,?.0C pounds compression on the opposite 
side. 

Equivalent axial loads, direct axial loads and bending moment at the various 
event tines during the TC-2 flight are listed m Table 32. Loads applied to 
the test ISA with the FdR system installed and the equival.^nt axial loads for 
TC-1 flight are included in the table for comparison. As shown, the fl ir‘ ^ 
maximum equiva’jnt axial load for TC-2 was 80 percent of the TF-I load and 
58 percent of the test load. The flight maximum bending moment was less than 
26 percent of the ceat value maximum. The axiai load at Stage I maximum ac- 
celeration was 60 percent greater than the test axial load, however, as pre- 
viously stated, the combined load was only approximately 58 percent of the 
test value. 


Using the bending moments from the ISA ac Station 2308 
at Station 7L$k and correlating the values with the qua 
a bending moment value for flight on the ISA/Titan Skir 
2127 can be approximated within 2') perc»;nt. At T + 38. 
the value was '2.2 x 10° inch-po'.nds compared to a test 
inch-p''unds . The equivalent axial load at Station 2127 
calculated by combining the correlated bending mometit a 
503,^00 pounds compression compared to a tesl value of 
310,000 pounes tension compar. J to a test value of 658, 
of test values, the equivalent axial loads t Station 2 
flights were as follows: 


and from the shroud 
lification test values, 
t interface at Station 
3 seconds of fl 'ght. 

valiie of 22.9 X 10° 

at T + 38.3 seconds 
nd the axial load was 
869,600 pounds and 
AOO pounds. In percent 
127 for TC-2 and TC-1 


Station 1.27 
Fl i ght Equivalent 
Axial Load Type 


Percent of 
Test Equivalent 
Axial Load 


Compression 

Tension 
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TABLE 32 


I 


ISA Structural Flight Loads and Limit Test Loads^ Station 8S08. 
(includes weight of Centaur, Propsllants, Adapters, Equipment, 
and Helios A Spacecraft forward of Sta. 2208 in all axial values) 


Flight 

Event 

Nominal 

Time, 

Sec. 

Total 

Axial 

Load, 

Lbs. 

Compress, 

Bend. 

Mom., 

in .lb. 

XlO^ 

Vehicle 

Accel., 

g 

Total Equivalent 
Axial Load at 
Extreme Fiber, 

Lbs. 

Compression 



TC 

- 2 


TC-8 

TC-1 

Zero Reference 

T -1 

S9,800 

0.15 

1.00 

45,500 

43,450 


T -5 

50,400 

0.80 

1.60 

57,000 

65,500 

Transonic 

T -S8.3 

68,800 

1.14 

1.80 

100,800 

94,000 


T -41 

57,800 

0.37 

1.80 

69,500 

100,700 

SRM Max Accel 

T-105 

97,800 

0.06 

8.70 

99,800 

115,000 

SRM Jettison 

T-155 

50,900 

0.04 

] .30 

58,400 

67,600 

Stage I Max Accel 

T-857 

187,400 

0.03 

3.60 

188,500 

149,500 

Prior to CSS Jett. 

T-318 

35,000 

0.04 

0.95 

36,400 


Stage II Max Accel 

T-467 

70,000 

0.10 

8.08 

73.700 

84,300 


Test Limit Loads 

With FBR until 
T-lOO 

79,000 


4.33 

1.00 

— — - — ^ 

283, 

o 

o 


















Although TC-2 flight loads were greater than TC-1 values, both TC-2 and 
TC-1 loads were less than 58 percent of the test verified design loads. 

Centaur Tank 

The propellant tank forms the primary Centaur vehicle structure (Figure 
79). The tank locations and criteria which determine the maximum allowable 
and minimum required tank pressures during various phases of flight are de- 
scribed in figure 80. These maximum aliowable and minimum require tank pres- 
sure limits are compared to actuai TC-2 propellant tank pressures in Figure 
81. During the flight, the combined ullage and hydrostatic pressure of the 
iiquid hydrogen tank was aiways less than 29.2 psia and the liquid hydrogen 
tank ullage pressure was always greater than the minimum required pressure. 

The oxygen tank pressure was always greater than the combined hydrogen ul- 
lage and hydrostatic pressures. The differential pressure between the pro- 
pellant compartments did not exceed 23.0 psi at any time during flight. 

The liquid oxygen tank pressure was always less than the maximum allowable 
pressure. 

Stub Adapter 

The stub adapter is a ten-foot diameter skin-and-stringer cylinder, 25 inches 
high, which attaches to the Centaur tank and provides a mounting platform for 
forward equipment and payioads. 

The adapter was not instrumented for strain monitoring - no direct ioad data 
for the adapter Is_avai iabie. The desiga_iilowabie crush pressure for the 
module is 2.9 psid; measured flight pressures ranged from zero psid to 1.2 
psid crush. 

Equipment Module 

The Centaur equipment module is a conical skin-stringer structure of 10-foot 
diameter base and five-foot diameter top, 30 inches high, which attaches to 
the top of the stub adapter. Its function, for TC-2 was to provide a mounting 
surface for the avionics packages, to act as a thermal insulating cap for the 
Centaur tank, and to serve as a payload mounting platform. A spring-loaded 
door in the module opened at liftoff, as scheduled, so that there was no burst 
or crush pressure on the module during flight. Module pressure just pri'*r to 
flight was 0.18 psid burst. There was no strain gage data for the equipment 
module. 

Mission Peculiar Adapter 


The Helios Mission Peculiar Adapter is a conical aluminum skin-stringer-frame 
structure Joining the aft end of the Delta spin-table assembly to the forward 
end of the Centaur Equipment Module. 
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An environmental shield iia attached to the adapter forward ring. The outer 
edges of the shield are supported from the equipment module aft ring by 12 
tubular struts. The shield also serves as a work platform for access to the 
payload. The shield consists of eight segments, each made from a sandwich 
panel of balsa wood core with aluminum sheets. 

There was no strain gage or pressure data for the Mission Peculiar Adapter. 
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Propulsion/Propellant Feed System 


by K. W. Baud and W. K. Tabata 


RL10 Engine System 

Ground Prechill - Liquid helium prechi 11 of the engine fuel pumps on the 
ground was satisfactory. Listed in Table 33 are the C-1 and C-2 engine fuel 
pump housing temperatures at liftoff. Each fuel pump housing has a dual 
element temperature probe, so the primary measurements, CP122T and CP123T, 
as well as the backup measurements, CP118 t and CP119T, are listed. All four 
measurements indicate both fuel pumps were well below the 100°R maximum at 
liftoff. Also listed in Table 33 are the C-1 and C-2 engine oxidizer pump 
housing temperatures (single-element probes) and the C-1 and C-2 engine 
thrust chamber temperature measurements. All these temperatures were as 
expected and within the experience of the TC-1 Proof Flight and previous 
Atlas/Centaur launches. 

Prestart - The C-1 and C-2 engine fuel and oxidizer pump housing tempera- 
tures and the thrust chamber temperatures at the beginning of the first-burn 
and the second-burn prestarts are listed in Table 33. For both prestarts, 
all temperatures were as expected and within the range of previous Centaur 
flights. 

The first burn and second burn had programmed prestart duration of 8 sec- 
onds and 17 seconds, respectively. The pump housing temperatures indicate 
proper cooldown transients during the prestart periods. 

Start - The first-burn transients for the C-1 and C-2 engines are shown in 
Figure 82 for the time period of main engine start (MES) plus 1.0 seconds 
to plus 1.7 seconds. 

Figure 82a shows the C-1 and C-2 engine chamber pressures. The time to 
accelerate to 90 percent of steady-state thrust for both engines and the 
differential acceleration time between the two engines are within previous 
flight experience. Ignition on both engines (not shown in Figure 82a) oc- 
curred at approximately 0.2 seconds after start signal as expected. 

The start transients of the oxidizer pump speed, the fuel venturi upstream 
pressure, the oxidizer pump discharge pressure, and the fuel pump discharge 
pressure shown in Figures 82b through 82e are all normal. 

The second-burn start transients are shown in Figure 83. All transients 
are normal and as expected. The differential acceleration time to 90 
percent thrust (Figure 83a) between the C-1 and C-2 engines is approxi- 
mately 0.3 seconds. This is larger than normal, but not outside of pre- 
vious flight experience. Atlas/Centaur flight AC-32 had a differential 
acceleration time on the second burn of approximately 0.27 seconds. The 
larger differential times would be expected, since acceptance test of the 
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Table 33 RLlOA-3-3 Engine Temperatures 
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Pressure 
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(a) Thrust Chamber Pressure 
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(b) Oxidizer Pump Speed 
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(c) Fuel VentUi < Upstream Pressure 


Figure 82.1 
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(d) Oxidizer Pump Discharge Pressure 



MES 1. 0 sec 1. 5 sec 

(e) Fuel Pump Discharge Pressure 


Figure 82.2 Fii at- Engine Start Transient 
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(c) Fuel Venturi Upstream Pressure 


Figure 83.1 Second* Engine Start Transient 













TC-2 C-2 engine, P6^tl5^59, and the AC -32 C-1 engine, P641956, indicated both 
engines were slightly slower to accelerate. 

In Figure 83a, the C-1 engine chamber pressure indicates a "dip" to zero 
pressure at MES + 1.05 seconds. These "dips" in chamber pressure before the 
engine begins to accelerate have been noted in recent flights since convert- 
ing to strain-gage type pressure transducers. Engine tests at Pratt & Whitney 
Aircraft have indicated these "dips" are associated with the flight pressure 
transducers and not with a physical occurrence in the thrust chamber. 

Steady State - The C-1 and C-2 engine steady-state performance was as expected. 
In Table 3^, the measured engine parameters at first main engine cutoff (MECO 
No. 1) and the second main engine cutoff (MECO No. 2) are compared to engine 
acceptance test values. All parameters are within the flight instrumentation 
accuracy of the acceptance test values. 

The C-1 and C-2 engine average mixture ratio and total thrust for the first 
and second burn, as calculated by Pratt & Whitney, are presented in Figure 84. 

Shutdown - The shutdown transients of both engines on the first and second 
burns were normal . 

Extended Mission Experiments - After the separation of the Helios A spacecraft, 
a Centaur extended coast experiment was performed. During the experiment, the 
RLIOA-3-3 engines were satisfactorily ignited two more times and operated sat- 
isfactorily for 11 seconds and 48 seconds as programmed. 

In summary, the RLIOA-3-3 engines operated satisfactorily on the TC-2 mission: 

1. The ground prechill was satisfactory. 

2. The programmed prestart durations sat isfactor i ly cooled down the pumps on 
al 1 burns . 

3. Engine ignition occurred normally on both engines for all starts. 

4. Engine accelerations were normal on both engines for all starts. 

5. ^ceady-state engine operation was normal on both engines on all burns. 

6. Engine shutdowns were normal on both engines on all burns. 


Propellant Feed System 

Propellant feed system performance was satisfactory. A total of three boost 
pump rotation tests were successfully conducted prior to liftoff. 

Special boost pump temperature measurements revealed no abnormal turbine 
temperatures during the Titan boost phase, except for the LO 2 boost pump 
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Table 3^ RLlOA-3-3 Engine Parameters at Shutdown 
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Figure 84.1 TC-2 Steady-State Mixture Ratio C-1 and C-2 Engine Average 
(Pratt & Whitney Aircraft data analysis) 



1st Burn 2nd Bum 


Figure 84.2 TC-2 Steady-State Total C-1 and C-2 Engine Thrust 
(Pratt & Whitney Aircraft data analysis) 
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shaft housing temperature. This measurement indicated the LO2 boost pump 
shrrt housing was approximately 45®F colder than the corresponding measure- 
men c on AC-32. 


Uost pump operation during each burn was normal. A potential overspeed 
condition was noted and has been fully investigated. The results indicated 
no problem for future missions. 

The configuration of the propellant feed system was identical to the TC-1 
configuration with the following exceptions: 

1. Minor changes were made to the boost pump seal cavity purge tubing to 
enible dewpoint checks to be made. 

2. Airborne components were added to provide the capability to rotate the 
boost pumps using gaseous nitrogen from a ground supply during the count- 
down . 

3. Special instrumentation was added to monitor the temperature and vibra- 
tion environment of the boost pumps during the Titan boost phase. 

The changes made to incorporate the boost pump rotation system consisted of 
adding a self-sealing disconnect on the aft T-4 second panel, and routing 
tubing from the disconnect to the LO2 and LH2 boost pump turbine inlet pres- 
sure sense lines as shown in Figure 85. Two check valves were installed in 
series in the branch legs to each turbine to prevent overboard leakage and 
cross flow between the two turbines during normal boost pump operation. The 
turbine inlet i.ressure sensing lines were rerouted to an existing larger 
diameter por ^ on the turbine nozzle box to reduce the line pressure drop 
during the boost pump rotation tests. 

Locations of the special temperature and vibration measurements added for 
TC-2 are as shown in Figures 86 and 87 for the LH2 boost pump, and in Fig- 
urcL'. 88 and 89 for the LO2 boost pump. 

A total of three boost pump rotation tests were conducted prior to launch. 

The first two .sts were conducted during the countdown of the aborted launch 
and the th’rd during the countdown of the actual launch. Boost pump perfor- 
mance da" obtained during the three rotation tests are summarized in Table 
35. Included for comparison are the data from two rotation tests conducted 
during the TC-2 Terminal Countdown Demonstration (TCD) test conducted Octo- 
ber ^2, 1974, and the data from the Atlas/Centaur vehicles AC-32 and AC-33- 
The performance was considered normal for all three rotation tests. 

Boost pump performance during both Centaur burns was sat isf.'^ctory , A sum- 
mary of the performance data is presented in Table 36. 

A pc‘.nr ial boost pump overspeed condition was noted during the first 15- 
sccoid time period after each MECO. During these time periods, residual 
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BOOST PUHP TURBINE 
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FIGURE 87 


CENTAUR LHp BOOST PUMP VIBRATION AND TEMPERATURE MEASUREMENT 
LOCATIONS 
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FIGURE 88 CENTAUR LO, BOOST PUMP TURBINE VIBRATION AND TEMPERATURE 
MEASUREMENT LOCATIONS 
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FIGURE 89 CENTAUR LO, BOOST PUMP FLANGE VIBRATION AND TOIPERATURE 
MEASUREMENT LOCATIONS 


213 




TABLE 35 SUMMARY OF CENTAUR BOOST PUMP PERFORMANCE DURING PRELAUNCH ROTATION TEST 


1 JS, 

190 

15 

1 

156 

o 

VO 

vn 

H 

15.0 

CM 

20 

1 

156 

o 

m 

9. 

o 

(M 

m 

• 

a 

Ml 

Launc 






o 






O 








o 






cn 








cn 

H 





H 



Q 

o 

sr 

1 

CM 

9t 

• 

(M 

tn 

1 

00 

► 

cn 

M 

U (M 

CO 

H 


to 

a 

in 

cn 

CM 


in 

H 

• 

cn 


H 



H 

H 

H 




H 

CM 

0T 







O 

o 






m 








cn 

H 





O' 



Q 

<o 

rv 

1 

fn 


• 

CM 

o 

1 

Qi 

*> 

cn 

H 

OH 

lO 

H 


VO 

a 

m 

cn 

CM 


m 

H 

• 

cn 


H 



H 

H 

H 




H 

CM 

a 


*C 





O 






O 








in 






O 



c 





m 

O 





to 



3 


a 

O 

m 

9k 

• 

vo 

CM 

00 

in 


o> 

cn 

(D 

oi 

H 

ID 

in 

to 

in 

cn 

CM 

rs 

m 

o 

• 

CM 


H 



H 

H 

H 




H 

CM 

a* 







O 






o 








OS 






o 








O) 

o 





m 



Q 

in 

iJ* 

O 

to 

*« 

• 

o 

o> 

O) 

in 

9* 

o 

m 


a 

H 

iD 

in 


m 

cn 

H 

to 

in 

O 

• 

cn 

H4I: 

CM 



H 

H 

H 




H 

CM 

ir 





236 

IT 

57 

157 

O 

o 

cn 

•v 

m 

H 

15.0 

35 

23 

06 

156 

"‘‘B' 

o 

in 

o' 

CM 

o 

ft 

33 





O 






o 







a 






to 







a 

a 





a 



cn 

cn 

a 

m 


• 

00 

a 

H 

CM 


Oi 

a 

CM 

H 

m 

in 

lO 

a 

cn 

CM 

00 

m 

o 

• 

cn 

CM 



H 

H 

H 




H 

CM 

cn 






in 






O 







CM 






m 







00 

rn 





a 



00 

to 

o 

00 

n 

ft 

to 

O 

o 

a 


cn 

H 

o 

H 

to 

in 

VO 

m 

cn 

CM 


in 

o 

ft 

cn 

CM 



H 

H 

H 




H 

CM 

a 






If) 






in 







fv 






CM 







m 

m 





cn 



cn 

a* 

a 

CM 

•» 

ft 

00 

O 

H 

00 

9 . 

o 

a 

CM 

H 

in 

m 

to 

a 

cn 

CM 

IN. 

a 

O 

• 

cn 

CM 



H 

H 

H 




H 

CM 

a 












m 







in 






a 







CM 

m 





cn 



a 

rs. 

o 

O 


• 

in 

O 

a 

H 


a 

cn 

o 

H 

to 

vO 

vo 

cn 

cn 

CM 

to 

VO 

o 

• 

cn 

CM 



H 

H 

H 




H 

CM 

cn 






b 






O 







in 






o 







vo 

to 





00 



O 

a 

o 

m 

•V 

• 

CM 

cn 

CN. 

00 


in 

H 

a 

H 

VO 

tn 

tn 

CM 

cn 

CM 

00 

m 

Ol 

• 

cn 

H 



H 

H 

H 




H 

H 

cn 



09 ^ t4 fU E 

? < 2 P P 

£ « * 

CU & OJ H 01 ^ 
w 4_# rn 2 V 

X to Oi 0 ) C (Q 


' >. m >>*0 >»o ' 

1*0 </J XJ 01 *0 M 

I Rf ns u CO M 

y u ^ cu O SU 

; 4-1 CU 4^ CO 4-» W 

CO CO CO < 


09 

K 


Ok 

1 

a 

fi4 

O 


44 

44 

m 

01 

H 

ft 

C0 

Of 

C 

O 

. 

H 

N 

•H 

*P 

cu 


I N fri E 

I 

I to < 

I P4 M (U 0^ 


I I 

H/-. 

• 01 

>1 ^ 
to Of N 
H CO N 

0^ w o 
Q Z 


CO < 
P 4 Of M I 
CO ■! 
n) M4 ( 
C 4J w j 
O CO C 
•H • 
4-» >> w ; 
td *o « 1 
4-1 ns Of I 

O 01 ^ i 
0$ 4-» Oi ^ 
CO C 


( U Hi (U 

4-1 S 44 C 

CO ^CO I 

>>*0 >»Q *0 
*D 0/ *D M 44 

tts 01 (8 m n 

0) Oi Of fti (p 
CO 44 w o 
CO CO CJ 



214 



















TABLE 36 SUMMARY OF CENTAUR BOOST PUMP PERFORMANCE FOR FIRST AND SECOND BURN 
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hydrogen peroxide (H2O2) was purged from the boost pump supply lines. The 
residuals flowed through the catalyst bed of each turbine where it decomposed, 
thereby supplying energy to the turbine wheel. Concurrent with the purging 
action, the boost pumps were only partially pumping (which is normal) due 
either to MECO disturbances displacing liquid from the pump inlet, or due to 
partial cavitation. The application of partial power to the turbines which 
were only partially loaded resulted in acceleration of the boost pumps. 

A complete investigation of the potential overspeed condition was conducted. 
The investigation determined that the limited quantity of residual peroxide 
was not sufficient to produce damaging turbine speeds even under worst case 
conditions of no pumping action for the entire 15 seconds of purging. Thus, 
no corrective action was required. 

A summary of the propellant feed system temperature data is presented in Ta- 
ble 37 for times of significant events. There were no abnormal or unexpected 
temperatures noted with one exception. The temperature measurement located 
on the LO2 boost pump shaft housing (CP174T) indicated temperatures after 
liftoff that were approximately ^5®F colder than the corresponding measure- 
mcrt on AC«32. A plot of the temperature data from this measurement is pre- 
sented in Figure 90. Plots of the temperature data from all other special 
boost pump measurements are presented in Figures 91 and 92 for the '.C2 ^nd 
LH2 boost pumps, respectively. 

It should be noted that the temperature of the LO2 boost pump shaft housing 
(CP17^T), as shown in Figure 90, was very sensitive to the surrounding en- 
vironment. The temperature decreased rapidly during the boost phase due to 
convective cooling produced by propulsion compartment venting. The temper- 
ature then showed a significant increase during the 80-second time period 
of thruster firings prior to the first boost pump start, and again during 
the time period from first boost pump start until Titan/Centaur separation. 

The relatively large differences between the AC-32 and TC-2 data might, 
therefore, be within the normal vehicle-to-vehicle dispersions. The limited 
amount of flight data prohibited an accurate assessment of whether the data 
was abnormal. All other turbine temperatures were near ambient, so the low 
LO2 pump shaft housing temperature was not considered a problem. 

The LO2 and LH2 supply duct metal surface temperatures at second boost pump 
start (see Table 37) were within the preflight predicted ranges. The LO2 
duct average metal temperature was predicted to be within the range from 
-285°F to -252°F ; the TC-2 flight value was -265°F. The LH2 duct average 
metal temperature was predicted to be within the range from -35^®F to -275°F; 
the TC-2 flight value was -307°F. 

In summary, performance of the propellant feed system in support of the Helios 
mission was satisfactory. Boost pump performance during the prelauncit rota- 
tion tests and during first and second burn was satisfactory. Special temper- 
ature instrumentation on the boost pumps revealed no abnormal temperatures, 
except the LO2 boost pump shaft housing temperature was approximately US^ 
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TABLE 37 SUHMARY OF CENTAUR PROPELLAK FEED SYS^'M TEMPERATURE DATA 
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colder than on AC-32. The limited quantity of flight data prohibited an ac- 
curate assessment of the abnormality of this data. The low temperature had 
no effect on boost pump operation and was not considered a problem. 

A potential boost pump overspeed condition was noted during the fi; t 15 sec- 
onds after each MECO. A complete investigation indicated that the potential 
overspeed condition was not a problem for future Centaur flights. 

The LO 2 and LH 2 supply duct metal temperatures at the end of the 24 minute 
settled coast were within the range of preflight predicted values. 
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Hydrogen Peroxide Supply and Reaction Control System 

by K. W. Baud 


The hydrogen peroxide supply and reaction control system performed satisfac- 
torily in support of the Helios mission. All system component and hydrogen 
peroxide bulk temperatures were maintained within acceptable limits. Pro- 
grammed thruster firings during the boost phase and settling sequences oc- 
curred in the proper sequence and for the j^roper duration. Lateral directed 
thrusters responded to the flight control system commands and maintained 
proper vehicle altitude control. 

The configurations of the hydrogen peroxide supply and reaction control sys- 
tems were identical to the configuration previously flown on TC-1 . 

The hydrogen peroxide (H2O2) supply and reaction control system (RCS) per- 
formed satisfactorily from liftoff through spacecraft separation. The RCS 
was inactive during the time period from liftoff to first main engine cutoff 
(MECO No. I) except for programmed firing of four RCS engines before boost 
pump start and warming firings of the eight lateral engines just prior to 
MECO No. 1. The performance of the RCS !s only briefly discussed in this 
section. A detailed discussion of the RCS performance in regard to on-off 
duty cycles and control of the vehicle is presented in the flight control 
system analysis . 

The S2A, Yl, Y2, and s4b thrusters were fired (in that order) for 20 seconds 
each during the Titan boost phase to remove any large accumulations of gas 
in the H2O2 bottles. The firings were accomplished in rapid succession with 
no waiting interval. Temperature measurements located on the thrust chamber 
bodies confirmed proper firing of the S2A , Yl, and S2B thrusters. A temper- 
ature measurement was not installed on the Y2 thruster, however, proper 
firing was evidenced by the response of other temperature measurements inside 
the Ti tan/Centaur interstage adapter. 

All eight lateral thrusters were simultaneously fired for 10 seconds com- 
mencing approximately 20 seconds prior to each MECO. Purpose of the firings 
was to warm these thrusters prior to entering a long coast. Temperature 
measureiients located on the thrust chamber bodies of four of the thrusters 
(P3, P4, Yl, and Y3) verified the warming firing was properly performed. 

At MECO No. 1, all four axial settling thrusters (S2A, S2B, s 4A, and s4b) 
were fired in a continuous on mode for 250 seconds which provided 24 pounds- 
thrust for initial propellant settling. During the time period between MECO 
No. 1 plus 250 seconds and MES No. 2 minus 120 seconds, the propellant set- 
tling thrust was reduced to 12 pounds-thrust . S2A and S4A were used for the 
first half of the 12 pound-thrust mode; S2B and S4 b were used for the last 
half. At MES No. 2 minus 120 seconds, all four axial thrusters were again 
turned on and remained on until MES No. 2 plus 5 seconds. Proper sequencing 
and operation of the four axial thrusters were verified by the temperature 
measurement on each. 
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Pitch, yaw, and roll control were provided by the eight lateral thrusters 
during the first coast and between MECO No. 2 and spacecraft separation. 

Proper vehicle attitude control was provided. See the flight control sys- 
tem analysis for a detailed discussion. 

A summary of the H 2 O 2 supply and RCS systems temperature data recorded at 
times of significant events is presented in Table 38. All temperature data 
were within acceptable limits. The lowest temperature recorded (25®F) was 
at the CPT71^T location during the Titan boost phase. This measurement was 
located on an unheated section of the LO 2 boost pump H 2 O 2 supply line. The 
line contained no H 2 O 2 at this time and, being unheated, was quite sensitive 
to the convective cooling produced by venting of the propulsion compartment. 
The corresponding temperature on the TC-1 flight was 20^F. 

Three of the temperature measurements located on the H 2 O 2 lines to the boost 
pumps (CP159T, CPT361T, and CP833T) revealed temperatures in excess of the 
normal 140^F upper limit for the H 2 O 2 system. Two of these measurements 
(CPT 36 IT and CP 833 T) were on unheated lines very near the hrt face of the 
LH 2 turbine rotor housing. High temperatures at these locations, particu- 
larly during the coast phase when the lines are empty, were expected and 
present no problem. 

The high temperature indicated at the CP159T location was not expected, but 
does not present a problem. The high temperature was primarily caused by 
impingement of the S4A and s4b axial thruster exhaust on this section of emp- 
ty line during the 4S engine on mode before second boost pump start. The 
line rapidly cooled with the resumption of H 2 O 2 flow after second boost pump 
start . 

In summary, the H 2 O 2 supply and RCS systems performed satisfactorily in sup- 
port of the Helios mission. All programmed thruster firings were accomplished 
in the proper sequence and for the proper duration. Vehicle attitude control 
was properly maintained. The minimum temperature (25®F) occurred during the 
boost phase on the unheated portion of the LO 2 boost pump supply line and was 
expected . 

All other temperatures were within the design range of 40®F to 12QOF with the 
exception of three measurements. Two of these measurements were on an un- 
heated line near the hot LH 2 turbine and were expected to be above 120^F. 

The third measurement was on an empty supply line to the LH 2 turbine which 
received impingement heating from the axial thrusters in quadrant 4. The 
temperatures experienced posed no problem since the lines were empty. 
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TABLE 38 SUMMARY OF H;> 0 , AND RCS TEMPERATURE DATA 
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LH2 Inlet (Near Tee) CP833T 83 69 78 95 95 99 >1M7 
















Hydraulic System 
by T . W . Godw i n 


Centaur hydraulic system performance was satisfactory. The hydraulic recircu- 
lation pumps responded properly when commanded on prior to main engine start 
(MES 1, MES 2, MES 3, MES 4) and throughout the boost pump spinup test and the 
blowdown maneuver. In addition, the C-2 recirculation pump was switched on 
four times automatically by the low temperature thermostat in the C-2 hydrau- 
lic manifold. Main system operation was normal throughout the four main en- 
gine firings. Startup and shutdown transients, as well as operating pressures, 
were normal . 

The hydraulic system on the TC-2 vehicle incorporated additional temperature 
instrumentation (power pack, recirculation motor housing and actuator body 
temperatures) for the purpose of monitoring the effects of long coast period, 
zero-G operation and orbital maneuvers on system components. This data will 
be presented in detail in a later report. However, all temperature data ob- 
tained for the first two mair. engine firings are presented, together with 
pressure data, in Table 39. 

No system anomalies were noted. 
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TABLE 39 CENTAUR HYDRAULIC SYSTEM TC-2 FLIGHT PERFORMANCE 






















Pneumatics and Tank Vent Systems 
by M. L. Jones 


i 


The Centaur pneumatic system, which is shown schematically in Figure 93, was 
the same as that on TC-1 except in the following areas: 

1. Hydrogen tank pressurization - The diameter of the flow metering orifice 
associated with the number two pressurization valve was changed from 0.157 
inches to 0.0995 incnes. 

2. Helium retro-thrust - This system was added to TC-2 in order to provide 
the required separation distance between the Centaur and the spacecraft im- 
mediately after spacecraft separation and before firing the spacecraft rocket 
motor. The system consists of two normally closed pyrotechnic valves, mounted 
in parallel, and two forward canted nozzles. The system is activated by open- 
ing the Pyrotechnic valves allowing the remainder of the helium in the smaller 
(4650 cu. in.) bottle to blow down through the two nozzles applying a reverse 
thrust to the Centaur. 

3. Helium storage - This portion of the system was changed by adding two 
check valves in series between the two helium bottles and an additional helium 
charge solenoid valve. The check valves were added to isolate the larger (7365 
cu. in.) helium bottle from the retro-thrust system. The charge valve was add- 
ed to permit charging the larger bottle independently of the smaller bottle in 
order to leak test the check valves. 

4. Oxygen tank vent system - The vent nozzle alignment angle was changed from 
4®-48' with the vertical to 1 5° . 


Propellant Tank Pressurization and Venting - A time history of the propellant 
tank ullage pressures is shown in Figure 94. Prior to T-27.8 seconds, the 
primary hydrogen vent valve, which has a specification operating range from 
19-0 to 21.5 psia, regulated the tank pressure. At T-27.8 seconds, the pri- 
mary hydrogen vent valve was commanded to the locked mode and the tank pres- 
sure was allowed to rise in order to satisfy the tank structural strength 
requirements during liftoff and during the subsonic portion of the flight. 

A minimum requirement of 23.1 psia at liftoff had been established before 
the flight. A maximum limit of 24.9 psia had also been established in order 
to preclude the possibility of venting hydrogen gas overboard before 8 sec- 
onds i nto the f 1 i ght . 

From the time of vent valve lockup until T-8 seconds, the tank pressure was 
monitored by the computer cor.folled vent and pressurization system (CCVAPf.) , 
which calculated the pressure rise rate and predicted the tank pressure at 
liftoff. If the CCVAPS prediction had not fallen within the established 
limits, an automatic launch abort would have been initiated. At T-8 seconds 


228 




229 


t' i'JCure 93-1 Centaur Pneumatics & Vent Svstems 
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the CCVAPS predicted pressure at liftoff was 23.75 psia. The actual liftoff 
pressure was 23.78 psia. At T-8 seconds the CCVAPS was deactivated until the 
start of tank pressurization for the first main engine start sequence. 

After lifto.f the tank pressure continued to rise, but at a decreasing rate, 
until it reached 24.7 psia at approximately T+25 seconds. After reaching the 
peak value, the pressure gradually decreased to 24.15 psia and remained rela- 
tively constant until T+90 seconds, when the primary vent valve was commanded 
to the relief mode. The decreasing rate of pressure rise and the eventual de- 
crease in pressure can be att:ibuted to a combination of factors; decreased 
convective heat input to the tank from the helium purge gas as it vented over- 
board during atmosphere ascent, suppressed boiling of the liquid hydrogen as 
the vehicle acceleration increased; and the increasing of the ullage volume 
by virtue of the tank changing shape as pressure increased. During the period 
when the primary vent valve was in the locked mode, the secondary vent valve, 
which has a specification operating range from 24.8 to 26.8 psia, was in the 
relief mode in order to protect against overpressurization of the tank. 

At T+90 seconds the primary hydrogen vent valve was commanded to the relief 
mode, and the hydrogen tank vented down to the control range of the vent valve. 
The valve then began to cycle between its operating limits and continued to 
cycle until commanded to the locked mode for the start of tank pressurization 
for first main engine start. 

The drop of approximately one psia in the operating limits of the vent valve 
from T+90 to T+188 seconds and the onset of relatively high frequency cycling 
can be attributed to the diminishing back pressure on the valve outlet. These 
are characteristic phenomena of the vent valves and have been observed on 
other Centaur flights and during acceptance testing of the valves. After T+ 
320 seconds, when the Centaur Standard Shroud was jettisoned, the upper limit 
of the valve operating range remained essentially the same, but the lower 
limit dropped approximately 0.3 psia. When the shroud was jettisoned, the 
cap on the second leg of the vent system was also jettisoned, opening that 
leg for venting. The dynamic effect of the response time of the valve by 
the greater flow capacity of the system caused the pressure to decrease to 
a lower level before the vent valve could close. 

The Milage pressure in the oxygen tank was 31 psia at liftoff. The vent 
valve, which has a specification operating range from 29.0 to 32.0 psia, was 
in the relief mode. Immediately after liftoff, the vent valve began to cycle 
between its operating limits and continued to cycle until the beginning of 
tank pressurization for first main engine start. At T+25 seconds the lower 
limit decreased about 0.5 psi. Later in the flight during atmospheric ascent, 
the reseat pressure decreased an additional 0.5 psi. These same operating 
characteristics were observed on TC-1 and can be attributed, in part, to the 
diminishing back pressure on the vent system as the vehicle ascented through 
the atmosphere. 

Several times during the boost phase of flight, the ullage pressure rose 
above 32 psia, the upper specification limit of the vent valve. This also 
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occurred during TC-1 flight. At approximately T+105 seconds, the pressure 
rise could have been caused by a decrease in vehicle acceleration near the 
end of Stage 0 operation. A rapid decrease in the gravity field on the li- 
quid will cause boiling which, in turn, will cause a rapid pressure rise. 

The same phenomenon occurred at approximately T+258 seconds, the end of 
Stage I operation. The other pressure excursions above 32 psia might have 
been the result of liquid oxygen ingestion by the vent system. 

At T+437 seconds, the oxygen vent valve and both hydrogen vent valves were 
commanded to the locked mode, and tank pressurization for the first main 
engine start sequence was initiated, CCVAPS controlled tank pressures to 
predetermined increases over the pressures at the start of pressurization. 
These increases were based both upon tank structural limits and boost pump 
r.et positive suction pressure requirements. A discussion of the CCVAPS 
software and performance is presented in the CCVAPS section of this report. 

At T+ 483.2 seconds Centaur first main engine start (MBS 1) was initiated. 

The pressures in both tanks dropped rapidly at first and then decayed grad- 
ually until first main engine cutoff (MECO 1) at T+584 seconds. The pres- 
sure in the hydrogen tank at MECO 1 was 18.2 psia while that in the oxygen 
tank was 30 psia. After MECO 1, the pressures in the oxygen tank and hy- 
drogen tank increased to 32.5 and 20 psia, respectively, and remained rela- 
tively constant until the beginning of tank pressurization for second main 
engine start. 

At T+1861 seconds tank pressurization for the second main engine start was 
initiated and controlled by CCVAPS. At T+1899.5 seconds MES 2 was initiated. 
Again, the tank pressures dropped rapidly at first and then gradually until 
MECO 2 at T+ 2172.9 seconds. After MECO 2 both tank pressures increased 
slightly and remained constant until Centaur retromaneuver . 

Helium Storaqe and Consumption - The helium, which was stored in one 7365 
cu. in. bottle and one hbSO cu. in. bottle, was used to pressurize the pro- 
pellant tanks during engine start sequences, to operate the engine control 
valves, to pressurize the H 2 O 2 bottle, and to provide purges to various 
parts of the Centaur, The amount of helium consumed during the flight 
through retromaneuver is summarized in Table 40. It should be noted that 
the amount of helium used during engine start sequences Includes usage for 
tank pressurization and pressurization of the H 2 O 2 bottle while H 2 O 2 was 
being consumed for operating the boost pumps. 

Propulsion Pneumatics - The engine controls regulator and the H 2 O 2 bottle 
pressure regulator maintained proper system pressure levels from pressuriza- 
tion of the helium bottles through retromaneuver. The engine controls reg- 
ulator output pressure at liftoff was 462 psia (allowable limits are kkO to 
479 psig), while that of the H 2 O 2 bottle pressure regulator was 326 psia 
(allowable limits are 297-316 psig). Both regulators are referenced to am- 
bient pressure, so after liftoff both output pressures decreased, corres- 
ponding to the decrease in ambient pressure, and remained relatively constant 
after the ambient pressure had decreased to zero. 
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TABLE ^0 SUMMARY OF HELIUM USAGE 
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Helium Retro-Thrust - At T+2244.9 seconds, the two normally closed pyrotechnic 
valves in the helium retro-thrust system were fired, allowing the remainder of 
the helium in the smaller bottle to discharge through two forward canted noz- 
zles. The discharge of the helium through the nozzles created a reverse thrust 
on the Centaur, providing a separation distance between the Centaur and the 
spacecraft. The pressure in the smaller bottle went from 2780 to 0 psia. The 
pressure in the large bottle remained constant, indicating that the check valves 
did not leak. 

Helium Purge - Throughout the launch countdown, the ground system supplied a 
helium gas purge to the forward and aft ends of the vehicle. The gas was used 
to purge the hydrogen tank/shroud annulus, the destruct package, and several 
propulsion system components. The purge was required to maintain enough pres- 
sure differential across the shroud after cryogenic tanking to prevent ground 
winds inflow. For the launch day wind conditions of approximately 10 MPH, a 
minimum differential pressure of 0.045 psid was required. At the beginning of 
hydrogen tanking the pressure dropped momentarily to 0.065 psid but then re- 
covered to 0.171 psid and remained essentially constant until hydrogen vent 
valve lockup. The pressure then began to rise until it reached a value of 
0.225 psid at liftoff. 
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Computer Controlled Vent and Pressurization System 
by E. J. Cieslewicz 


The computer controlled vent and pressurization system (CCVAPS), when acti- 
vated, maintains the LO2 tank and LH2 tank pressures at required levels during 
various phases of flight. CCVAPS Figure 95 consists of the pressurization 
system, the vent system, the ullage pressure transducers, the digital computer 
unit (DCU) , and the sequence control unit (SCU) . 

The DCU monitors the tank pressures during selected periods of the flight and 
issues appropriate commands to the SCU relays which activate the appropriate 
pressurization solenoid valves and solenoid-operated vent valves. The DCU is 
programmed with maximum and minimum allowable tank pressures and pressure in- 
creases prior to main engine start. In addition, the DCU is able to detect 
ullage pressure transducer failures and pressurization solenoid valve failures. 

The DCU monitors each tank pressure through three transducers, a primary, a 
reference, and a backup. In the event of a discrepancy between the outputs 
of the primary and reference transducers, the DCU uses the output of the back- 
up transducer to determine tank pressure. 

During a pressurization sequence, if the DCU monic.rs an insufficient or ex- 
cessive increase in pressure (due to a pressurization solenoid valve failure), 
the DCU commands the flow control valve closed and uses the redundant pres- 
surization solenoid valves (both tanks) for the remaining portion of the 
f 1 ight. 

Prior to main engine start, CCVAPS is activated, the pressurization solenoid 
valves and the solenoid-operated vent valves are activated, and both tank 
pressures are increased by predetermined amounts and maintained at those 
levels until main engine start. CCVAPS is deactivated at main engine start. 

During the coast phase, CCVAPS is activated to prevent the LO2 tank and LH2 
tank pressures from exceeding maximum allowables. The appropriate H2O2 en- 
gines are fired to settle the propellants, then the solenoid-operated vent 
valves are deenergized to allow venting. 

CCVAPS is also activated after the final main engine cutoff. The LO2 tank 
is pressurized to prevent an adverse intermediate bulkhead delta P condition. 

Propellant Tank Pressurization - The pressurization mode of the CCVAPS com- 
puter program was used prio*" to each Centaur engine start and after the final 
engine firing For each of these pressurizations the vent valves were locked 
by the sequencer module and the CCVAPS module took over the task of pressuri- 
zation. The pressurization valves were opened and closed cyclicly to increase 
and maintain propellant tank pressures at predetermined levels sufficient for 
proper propellant conditions at each engine start and for structural integrity 
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following the final engine firing. The CCVAPS module perrormed failure checks 
of the propellant tank transducers and monitored pressurization system valve 
performance to determine if a switch to redundant systems was necessary. The 
redundant transducers and the backup pressurization system were not called on 
by CCVAPS since all systems performed well. 

Pressurization for MES 1 - For the first pressurization, the CCVAPS system 
calculated pressurization valve closing pressures. The computer was program- 
med to use the lov^est of three computed values for the LO2 tank and the lowest 
of two computed values for the LH2 tank. The criteria used for the computa- 
tions were initial tank pressures at start of pressurization, desired pressure 
increases above initial pressures for engine start, the structural limits of 
maximum pressures, and the allowable maximum differential pressure across the 
propellant tank bulkhead. Table Al shows the desired delta pressure increases 
for each tank above the DCU computed initial pressures. The Table also shows 
the maximum allowable pressures for these tanks. 

Prior to Stage II cutoff the LO2 tank had a third requirement that it be pres- 
surized no higher than \3/l psi above the calculated initial LH2 tank pressure 
to avoid a propellant tank bulkhead delta pressure problem. The computed and 
selected LO2 tank pressurization valve closing pressure was based on limiting 
delta pressure across the bulkhead to only 19.2 psi above the hydrogen tank 
initial pressure. The required LO2 tank pressurization valve closing pressure 
was 39*12 psia. See Table 4l which lists the higher and unused values of 
closing pressure based on desired increase in tank pressure and the maximum 
LO2 tank allowed pressi!»“e. 

The computed and selected LH2 tank pressurization valve closing pressure was 
based on djsired delta oressure increase above the initial tank pressure. 

The required LH2 tank pressurization valve closing pressure was 25.92 psia, 

6.0 psi above the initial LH2 tank pressure. 

Figure S6 shows the pressure profiles of both the LO2 tank and the LH2 tank 
during the pressurization phase prior to the first engine start. The cross 
hatched bands shown in the figure above and below the clear 0.2 psi control 
band, illustrate the limits to which CCVAPS will allow tank pressure to vary 
before the pneumatic system would have been called on to use its redundant 
components. Had either propellant tank pressure gone above the upper band 
or below the lower band during this pressurization, a switch in the pressur- 
ization would have been made using the backup pressurization valves for both 
tanks. See Figure 95 for backup components. 

Figure 96 cross hatch levels are set at 3.77 psi above the calculated pres- 
surization valve closing pressure and 0,6 psi below the calculated pressuri- 
zation valve closing pressure minus the 0.2 psi allowed for control deadband 
on the LO2 tank pressurization system. The IH2 tank pressurization system 
has bands similar to the LO2 pressurization system and its limits above and 
below the 0.2 psi deadband are 1.53 psi and 1,7 psi respectively. 
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The CCVAPS module monitored the pressure rise rate during the first pres- 
surization cycle to determine if tank pressures had increased to a required 
minimum above initial pressures in an allotted time. The LO 2 tank was to 
increase 2.0 psi in the first 1.5 seconds, which it did, or the CCVAPS mod- 
ule would have determined that the primary pressurization system had failed 
and would have switched the system over to the backup system. The initial 
cycle average pressure rise rate was sufficient at 8.81 psi/second. The LH 2 
for the same re* «on was to increase 1.0 psi in the first 1.5 seconds, which 
it also did. The initial cycle average pressure rise rate was adequate at 
2.24 psi/second. 

Before the pressurization valves were opened, the CCVAPS system determined 
that both initial tank pressures were below maximum tank pressure allowables; 
otherwise, the pressurization system valves would have remained closed. 

In Figure 97 the cross hatched limit bands of the LO 2 tank pressure profile 
changed at the time of Stage II cutoff. The overshoot and undershoot allow- 
ances are the same as those before Stage II cutoff but the upward shift was 
due to the change in pressurization requirements at this time. At Stage II 
cutoff the bulkhead delta pressure was no longer critical, therefore, the 
desired pressure increase above the initial value became the controlling 
parameter. The pressure calculation for valve closing pressure was 39-91 
psia, 7.76 psi above the initial LO 2 tank pressure. The requirement for 
the LH 2 tank did not change, therefore, the limit bands remained the same 
as those before Stage II cutoff. 

The obvious difference in activity associated with pressurization in Figures 
96 and 97 was primarily related to the means of insulation used on the tanks 
and the methods by which pressurants are added to the tanks. See report 
section on Pneumatics. 

Pressur i zat ion for MES 2 - The sequencer module activated CCVAPS for the 
MES 2 pressurization CCVAPS computed values for valve closing pressures for 
both the LOo tank and the LH 2 tank. The main criteria used for tank pres- 
surization following the first engine firing was the desired pressure in- 
crease above initial pressure, limited, if necessary, by the allowable 
maximum for each propellant tank. Table 4l shows the desired pressure in- 
creases and the allowable marimums for each tank. Also shown are the actual 
values computed. 

The computed and selected LO 2 tank pressurization valve closing pressure 
was 36.11 psia, 3.5 psi above the initial tank pressure of 32.61 psia. The 
computed and selected LK 2 tank pressurization valve closing pressure was 
23.53 psia, 3.4 psi above the initial value. Figure 97 shows the pressure 
profiles of both the LO 2 tank and the LH 2 tank during the pressurization 
phase prior to second engine start. Shown also on this figure are the 
limits bands in cross hatch and the 0.2 psi control band. The limit bands 
for system operation are 1.0 psi above closing pressure and 0.6 psi below 
closing pressure minus the 0.2 psi allowed for control deadband of the LO 2 
tank pressurization system. The LH 2 tank pressurization system has bands 
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similar to the LO 2 pressurization system and its limits above and below the 
0.2 psi deadband are O .36 psi and O .3 psi, resoectiveiy . 

Pressure rise rates of the propellant tanks were monitored by CCVAPS to assure 
that the LO 2 tank rose 2.0 psi in the allotted 2.0 seconds. The actual rise 
rate on the first pressurization cycle was sufficient at 1.21 psi/second. The 
LH 2 tank was to rise 0.35 psi in the same allotted 2.0 second period. Actual 
rise rate for the LH 2 tank was adequate at 0.68 psi/second. 

Propellant Tank Venting - The venting mode of the CCVAPS computer program was 
enabled at the times listed in Table 42. Also shown in the Table are the 
pressure levels used by CCVAPS to trigger the start of a venting sequence. 

Tank pressures throughout flight were not high enough to trigger a venting 
routine. Pressures were always below the values listed in Table 42. 
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Centaur D-lTR and CSS Thermal 
Environments and Propellant Behavior 


by R. F. Lacovic 


Centaur and CSS Component and Environmental Temperatures 


The Centaur vehicle was extensively instrumented in order to assess the com- 
ponent thermal control and environment of the D-lT Centaur configuration. 

This configuration contained the following new or revised thermal control 
iiardware. 

1. LH 2 tank sidewall radiation shielding. 

2. Titanium stub adapter. 

3 . Propellant feed system radiation shielding. 

4. H 2 O 2 system radiation shielding, heaters, and impingement shields. 

5 . Prelaunch purging and gas conditioning. 

6. Pneumatic and vent system coatings and shielding. 

7 . Electronic packages coatings and shieldings. 

Most of these configuration changes were incorporated in order to make the 
Centaur thermal performance suitable for long space coast missions. Con- 
sequently, as expected the Centaur thermal performance during the Helios 
portion of the TC-2 mission was satisfactory and well within previous D-IA 
Centaur flight experience. 

The Centaur component and environmental temperatures from liftoff through 
spacecraft separation are listed herein. These temperatures are compared 
with TC-1 flight temperature listings to indicate the repeatability of the 
D-IT thermal control performance during the boost phase. The locations of 
the sensors used in the following listings are shown in Figures 98 and 99. 

Package Temperatures - The electronic and mechanical package temperatures 
are listed in Table 43. The temperatures at M ftof f were all satisfactorily 
maintained by prelaunch conditioning to well within the 50°F - 90°F prelaunch 
limits. During the 22 minute parking orbit coast the forward packages (which 
received sunlight) warmed slightly, and the aft packages (which received no 
sunlight) cooled slightly. All of the package temperatures were well within 
their operating limits through spacecraft separation. Three of the package 
temperatures (CT 6 IIT, CT622, and CK30T) did show a more rapid warming trend, 
but these temperatures were still well below the 160°F operating limit. 
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Structural Temperatures - The various Centaur structural temperatures are 
listed i n Table kk. The equipment module temperatures remained nearly con- 
stant once the temperatures had stabilized at the end of the ascent venting. 
The temperatures of the new titanium stub adapter at various times through- 
out the flight are shown in Figure 100. These temperature profiles compared 
well with the prelaunch predictions, indicating that the predicted heat 
transfer rate to the LH 2 tank forward ring had been obtained. The tempera- 
ture of the inside surfaces of the payload area of the Centaur Standard 
Shroud are shown in Figure 101. As shown in this figure, the temperatures 
were far below the 135®F limit, even with the 50 second increase in time 
to shroud jettison. 

Propulsion System and H 2 O 2 System Temperatures - The Centaur RLIO, propel - 
lant feed, and H 2 O 2 system temperatures are 1 i sted in Tables ^5 and 46. All 
of the temperatures were satisfactory. The propellant feed system tempera- 
tures were close to the nominal expected for the radiation shielded config- 
uration. The engine bell and pump temperatures were close to the maximum 
predicted levels as a result of H202 engine exhaust impingement and solar 
heating. The H 2 C 2 system temperatures were all between 87°F and 100°F ex- 
cept for a few localized hot spots that received H 2 O 2 engine exhaust im- 
pingement (such as CPI 59 T) or heat soakback from the boost pump turbine 
(such as CP361T). The heaters and radiation shield boots maintained good 
thermal control of the lines. The impingement heating effects during the 
continuous 80 second H 2 O 2 engine firing primary sequence during boost was 
acceptable and about the same as for TC-1. The C-l LHj pump housing showed 
the most marked effects of the impingement heating and is shown in Figure 
102 . 

Radiation Shield Temperatures - The Centaur LH 2 tank sidewall, forward bulk- 
head, sump, feedlines, and LO 2 tank aft bulkhead radiation shield system 
temperatures are listed in Tables 47 and 48. The thermal performance of 
these systems was as expected. The temperatures at liftoff were close to 
previous TC-1 flight and TCD test experiences. During the boost, the rapid 
venting results in a decrease in shield temperatures. After CSS Jettison, 
the shield temperatures begin to increase to achieve equilibrium with their 
space environment resulting in large temperature gradients through the 
shielding. These temperature increases, which continued through spacecraft 
separation, are in good agreement with calorimeter testing of the sheilding 
which showed that over one hour is required for the shielding to reach a 
steady state temperature gradient. 

The LO 2 tank aft bulkhead did not contain the three layer radiation shield- 
ing as it did for TC-1 (the scheduling for the TC-2 reconfiguration did not 
permit it). Tliis accounts for the large differences between TC-1 and TC-2 
temperatures in this area. 
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TABLE 45 PROPULSION SYSTEM TEMPERATURES 
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TABLE 46 H,0, SYSTEM TEMPERATURES 
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TABLE kl RADIATION SHIELD TEMPERATURES, TC-2 FLIGHT 
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TABLE 48 BULKHEAD TEMPERATURES, TC-2 FLIGHT 
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Centaur Propellant Management 
by R. F. Lacovic 

Boost Phase Propellant Behavior - The LO 2 venting that occurred during the 
TC-1 boost was again observed during the TC-2 boost. There were indications 
of liquid venting from T+45 to T+75 seconds, when the LO 2 tank vent valve 
operation reflects the decreasing ambient pressure, and from T+285 to T+300 
seconds, when the hydrostatic head is lost at Stage I shutdown. It appears 
that similar LO 2 venting will continue to occur as long as the present TC 
tanking levels, sequencing, and accelerations are maintained. 

It is probable that liquid hydrogen venting also occurred. The LH 2 tank 
liquid/vapor sensor CM241X located at the top of the tank went wet at SRM 
jettison, as a result of the decrease in vehicle acceleration. Since the 
LH 2 primary vent valve is flowing full at this time, it is likely that some 
LH 2 was vented. CM241X indicated wet for only 2 seconds, o compared with 
30 seconds at SRM Jettison during the TC-1 flight. 

Settled Coast Propellant Behavior - The TC-2 flight provided the first 
demonstration and verification of the settled coast propellant management 
techniques for the D-IT Centaur configuration. The new hardware and se- 
quencing associated with these techniques are summarized in Table 49. 

The resulting propellant management differences, as compared with the 0-IA 
Centaur configuration, are also presented in this table. All of these 
differences were required as a result of the increased propellant loading 
and the reduced acceleration levels associated with D-IT Centaur, 

The new, or revised, flight hardware consisted of: 

1. An LH 2 tank helium energy dissipator to reduce the impact of the pres- 
surant on the liquid surface. 

2. A perforated tube in the LO 2 tank to inject helium press; beneath 
the liquid surface to reduce helium consumption. 

3. A revision of the LH 2 boost pump volute bleed to redirect the flow 
away from the liquid surface. 

4. A relocation of the LH 2 tank slosh baffle to its most forward location 
to provide propellant damping. 

5. The incorporation of LH 2 tank sidewall radiation shielding In order 
to eliminate the need for LH 2 tank venting throughout the coast. 

The behavior of the propellants throughout the coast was as follows. At 
MECO 1 the liquid level in the LH 2 tank was about 10 inches above the for- 
ward slosh baffle. At this Ic ition, the baffle provided only 40 percent 
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» TABLE 49 

• SETTLED CO/VST PROPEILANV MANAGEMENT DIFFERENCES 

BETWEEN D-IA AND D-IT CENTAUR 

• — . — 

t • 

• ••?. . * 
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D-IA » ' . D-IT. 


» 



VEHICLE ACCELERATION 1 

AFTER MECO 1 AND 7. x lQ-4 G 

PRIOR TO iMES 2 


7 X 10-3 G 


1, Propellant loading during 
coast* 

2* Propellant settling after • 
MECO 1. 

3. Propellant retention 
during coast* 

Propellant settling 
prior to MES 2. 

S. I 1 H 2 tank venting. 


9. LK 2 tank heating. 


7, LH 2 tank pressurization* 


6, 1 X >2 tank press ‘^ization* 


9, Ul 2 tank slosh baffle. 


D-lA Centaur 

259 ^ 

7 X 10 “^ g for 76 sec. 

M.l X 10 ** g (Bond Number = 350) 
7 X 10 ^ g for MO sec. 


Continuous with balanced thrust. 


38,000 BTU/lir. (Bare tank) 

a) 7 X 10“^ g 

b) Axial floM hcli'.un energy 
dissipator. 

c) Boost piuRp volute bleed flows 
i)l)Ward* 

a) 7 X 10*^ g 

b) Helium is added directly to 
tank ullage. 

Located at aft end of tank. 

(Station 2322) 




D-lT Centaur 

• |i 

7 X 10 g for 250 sec. . 

3.M X 10*** g (Bond N\:rf3er « 290) 
_u 

7 X 10 g for 120 sec* 


Computer controlled blowdown. 

Aft canted nozzles. 

3,000 BTU^'llr, (Radiation 

shielded tank). 

a) 7 X 10*** g 

b) Radial flow helium cncrj.y 
dissipator* 

c) Boost pujnp volute bleed flov's 
across tank* 

a) 7 X 10*** g 

b) Helium is injected benei th 
the liquid surface* 

Located at forward end of tank, 

(Station 2399) 
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of its Optimum effectiveness in damping LH2 slosh (for a liquid level 3 inches 
above the baffle, the effectiveness is 100 percent). The LH2 behavior at MECO 
1 is indicated in Figure IO3. At 12 seconds after MECO 1 a large splash of LH2 
had traveled to the top of the tank as indicated by the activations of the four 
uppermost liquid/vapor sensors. The splash was also indicated by the three for- 
ward bulkhead skin temperatures (CA9O6T, CA907T, and CA9O8T at Station 2472) 
which decreased to LH2 temperature at six seconds after MECO 1. At MECO 1 + 30 
seconds the LH2 began to fall away from the top of the tank as indicated by the 
drying of CM241X. At MECO 1 + 34 seconds the LH2 began to fall away from the 
top of the tank as indicated by the drying of CM241X. At MECO 1 + 34 seconds 
CM242X (located 12 inches below CM241X) went wet until MECO 1 + 46 seconds, 
thus indicating the passage of the descending LH2. An extrapolation of this 
LH2 descent rate indicates that it would take about 20 additional seconds for 
the descending LH2 to reach the liquid surface at Station 2418. 

After this initial splash of LH2, there was no further indication of LH2 mo- 
tion through MES 2. However, since the nearest liquid/vapor sensors to the 
liquid surface were 8 inches away, it is possible for small LH2 surface mo- 
tions to occur without being detected. 

The propellant management techniques selected for D-IT Centaur settled coast 
periods have been verified. The 250 seconds of 4S engine firing after MECO was 
more than sufficient to control the propellant motion at MECO, even with the 
non-optimum slosh baffle location. The transition to the 2S engine firing 
propellant retention mode at MECO 1 + 250 seconds occurred with no indications 
of propellant motion. There were also .‘.o indications of propellant distur- 
bances during the 120 second 4S engine firing period prior to MES 2, which 
included the LH2 tank vent and pi-essurization period and the boost pump dead- 
head period. 

Settled Coast Propellant Tank Pressures - The LO2 tank and LH2 tank pressure 
histories throughout the settled coast period are shown in Figure 104. Both 
the LO2 and LH2 tank pressures increased sharply for 20 seconds following 
MECO 1 (1.3 psid LO2 tank, 0.5 psid LH2 tank). This sharp pressure increase 
is attributed partly to the release of energy at MECO 1 as a result of the 
head loss, and partly to the addition of energy resulting from the recircula- 
tion and volute bleed flows during the post-MECO boost pump spin down. These 
energies probably contributed to the post-MECO propellant splashing. Once 
the tank pressures stabilized, the pressures then increased slowly as a result 
of the incident space heating. The LO2 tank pressure increased 0.5 psid dur- 
ing the coast from MECO 1 + 20 to MECO 1 + 450 seconds, and zero psid from 
MECO 1 + 450 seconds to MES 2. This pressure rise was as expected, since the 
propellant loading was large enough to absorb all of the space heating into 
the liquid. The LH2 tank pressure increased only 1.2 psid from MECO 1 + 20 
seconds to MES 2. The new LH2 tank sidewall radiation shielding reduced the 
pressure rise rate by more than an order of magnitude in comparison with the 
0-lA Centaur LH2 tank pressure rise rate. As a result of the small pressure 
increase, no LH2 tank venting was required at any time from MECO 1 to the 
start of tank pressurization. 
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Tank Pressurization at MES 2 - Many of the propellant management hardware 
changes for D-IT Centaur were incorporated in order to i educe the helium con- 
sumption during pre-MES 2 pressurization. The proximity of the liquid surface 
and the low vehicle acceleration at this time can result in liquid splashing 
during pressurization that greatly increases the helium consumed. The new LH2 
tank helium energy dissipator was designed to reduce splashing by adding the 
helium to the tank at low velocities in a radial direction. The new perforated 
tube (bubbler) used for pressurizing the LO2 tank, by injecting helium beneath 
the liquid surface, greatly reduces helium consumption by vaporizing oxygen. 

The LO2 tank and LH2 tank pressure histories during pre-MES 2 pressurization 
are shown in Figure 105. (The propellant saturation pressures are also shown 
in Figure 105 to give an indication of the boost pump NPSH.) The quantity of 
helium required to achieve the ^ psid increase in the LO2 tank was 0,14 pounds. 
This quantity compares to a predicted quantity of 0.68 pounds if the existing 
D-IA Centaur mode of pressurization through the LO2 tank standpipe had been 
used. The LO2 tank bubbler performed as expected, resulting in a rapid and 
stable LO2 tank pressurization requiring only small quantities of pressurant. 
The quantity of helium required to achieve the 3.5 psid increase in the LH2 
tank was 0.76 pounds. This compares to a nominal preflight predicted quantity 
of 0.81 pounds assuming that no LH2 splashing occurred during the pressuriza- 
tion. The new helium energy dissipator apparently worked as expected. 

Post-MECO 2 Liquid Hydrogen Behavior - At MECO 2 the liquid level in the LH2 
tank was about one inch below the aft slosh baffle. The LH2 motion after 
MECO 2 is Indicated in Figure IO6 which shows the liquid/vapor sensor acti- 
vation times. For 72 seconds after MECO 2 the Centaur was in a zero g coast 
mode. During this time part of the LH2 moved to the top of the tank. As a 
result of MECO disturbances, the release of stored energy from the head loss, 
and the volute bleed and recirculation flows during the post-MECO boost pump 
spin down, sensor CM241X at the top of the tank went wet at MECO 2+63 sec- 
onds. At MECO 2+72 seconds the helium retrothrust was activated which 
provided a thrust in the aft direction ranging from 300 pounds to 10 pounds 
over a 10 second period. This thrust moved the bulk of the LH 2 forward thus 
wetting the forward sensors and leaving the aft sensors dry, except for a 
fillet of liquid around the aft slosh baffle. This liquld/vapor configura- 
tion remained throughout vhe following zero g coast. 
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Electrical /Electronic Systems 

Electrical Power Systems 
by J. B. Nechvatal 


The electrical system consists of a power changeover switch (integral part of 
the Sequence Control Unit), three main batteries (interconnected by a diode 
assembly), two independent range safety command (vehicle destruct) batteries, 
and a single AOO Hz inverter (the inverter is an integral part of the Servo 
I nverter Unit). 

The performance of the Centaur electrical system was satisfactory and no un- 
expected system current demands were noted during the programmed flight period. 
Transfer of the electrical load from external power to the internal batteries 
was accomplished at minus 111.2 seconds by the changeover switch and normal 
transfer characteristics were observed. 

The three Centaur busses were supplied by separate 150 ampere-hour batteries, 
interconnected by a diode assembly. The diode assembly permitted Bus Nf'. I 
battery to supply Bus No. I and Bus No. 3 power during surge loads and at 
possible deletion of capacity of Bus No. 1 and/or Bus No. 3 battery during a 
long/extendfcd flight sequence. (Bus No. 2 battery has the lowest programmed 
power drain.) 

At liftoff, the three (3) main battery bus voltages were 28.5, 29.0, and 28.7 
volts for Bus No. 1, No. 2 and No. 3 batteries respectively. Battery data 
are shown in Table 50. 

Bus No. 1 battery voltage was relatively constant throughout the flight, re- 
flecting only the Bus No. 2 battery variations. Bus No. 2 battery voltage 
reflected the effects of the Bus No. 3 flight current demands, but remained 
fairly constant during the progranmied flight. Bus No. 3 battery voltage re- 
sponded normally to level changes resulting from the application and removal 
of electro-mechanical loads per the programmed flight sequence. A low of 
27.5 volts was observed during Main Engine Start Sequence No. 1 (a oeriod of 
maximum load). 

The total Centaur current (as measured y CETIC) was 45.0 amperes at liftoff. 
Peak currents were recorded during the Main Engine Start Sequences, with a 
maximum peak at Main Engine Start No. 1. The perioOS of maximum and minimum 
current levels relative to Mark Events are shown in Table 51. The flight 
current profile was consistent with values recorded during preflight tests 
and no anomalies were observed. 

Battery current values with respect to flight programmed events are shown 
in Table 51 . 
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TABLE 50 

CENTAUR BATTERY DATA 




OPEN 

CIRCUITS 

VOLTS 

T-0 

LIFT-OFF 

VOLTS 

LOAD TEST 
AMPS VS 
VOLTS 

Main Battery 

- BUS No. 1 

35.12 

28.5 

65A 

at 

27.01V 

Main Battery 

- BUS No. 2 

35.11 

29.0 

65A 

at 

26.8V 

Main Battery 

- BUS No. 3 

34.81 

28.7 

65A 

at 

27.36V 

RSC Battery - 

No. 1 

33.71 

32.8 

lOA 

at 

28.96V 

RSC Battery - 

No. 2 

33.91 

32.9 

lOA 

at 

29.1V 
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TABLE 51 TC-2 CENTAUR ELECTRICAL SYSTEM PARAMETERS 
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The individual bus currents exhibited normal profiles. Bus No. 1 remained 
steady between 9.6 to 10.0 amperes, reflecting only the expected variations 
due to the OCU duty cycle and real time interrupts. 

But No. 2 current was relatively constant, with the exception of the pc. iod 
of PU control. Variations of 6.9 to 8.2 were noted during this time interval, 
which was nominal and as expected, bus No. 3 current exhibited changes through- 
out the flight in response to vehicle demands. The maximum current observed 
was 36.5 amperes at Main Engine first start sequence. 

Two individual electronic package currents (IMG and SCU) were monitored via 
telemetry. The IMG (inertial Measurement Group) current exhibited normal lovr 
level oscillations following platform stabilization (prelaunch function). 

The load current varied be* reen 6.1 and 6.5 amperes. The SCU (Sequence Con- 
trol Unit) current also exhibited normal output with a steady state load of 
0.l8 amperes, and a strobe cu'"rent of 0.88 amperes. The IMG and SCU are sup- 
plied by the Bus No. 1 battery and are part of the total Bus No. 1 load. 

Performance, of tn>: two range '■afety command batteries was satisfactory. The 
voltages at liftoff were 32.8 volts for range safety command no. 1 and 32.9 
volts for range safety command no. 2. Voltages remained steady throughout 
the flight until Main Engine Cutoff No. 1, when the range safety command re- 
cei 'ers are turned off and the destruct syst_m is deactivated. 

Vehicle AC power was supplied by the Serve Inverter Unit. The voltage output 
of the inverter re'^ained steady at 25.9 volts AC throughout the programmed 
f 1 i ght . 


pi 
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Digital Computer Unit 


by R. S. Palmer 


All OCU inputs and outputs were analyzed. The OCU performed satisfactorily 
as evidence by proper functioning of flight events and operation of associated 
systems. The data indicating DCU performance arc presented with the flight 
performance analyses of the associated systems. 
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Inertial Measurement Group 
by D. E. Pope 


This flight was the first to jse an Inertial Reference Unit containing Kearfott 
gyros. System performance was satisfactory. Preflight calibration was accom- 
plished, and the measure. ‘ parameters were subsequently loaded into the vehicle 
computer. The inertial platform was then final aligned and the flight mode of 
operation was entered at ojproximately T-6 seconds. 

The maintenance of the inertial reference block to within its specified maxi- 
mum dynamic gimbal error of + 60 arc seconds was accomplished. Maximum dis- 
placement of gimbals one, two, and three was + 5 arc seconds as evidenced by 
the demodulator error signal. 

IMG current was nominal with variations from 5.9 to 7.5 amperes. The IRU in- 
ternal skin temperature was 82°F at liftoff and varied from a minimum of 8l°F 
during first coast to a maximum of 100°F prior to MES 4. The SEU internal 
skin temperature was 72°F at liftoff and varied to a maximum of 114°F prior 
to MES 4. 

Guidance coast phase accelerometer bias is shifted from the one "g" level 
measured during calibration by torque generator reaction torque (TGRT). TGRT 
is a second order torquing non-linearity introduced by pulse rebalancing of 
the pendulum and is influenced by the matching of the permanent magnets. Long 
coast periods may, therefore, introduce errors by the accumulation of false 
acceleration information. Coast bias actuals to predicted are shown; 


Table 52 


Actual Actual 

1st Coast 3rd Coast Predicted 

U Accelerometer Bias Error ( i^g) 

V Accelerometer Bias Error ( V^g) 

W Accelerometer Bias Frror ( v.g) 


+53 

+42 

■H4 

+67 

+72 

+32 

-20 

-30 

-32 


The guidance error model includes a 3 sigma value of 150 ^gs for accelerom- 
eter bias error. Aciuals were approximately one-half the 3 sigma error model 
value; however, the predicted coast phase bias is obtained from measurements 
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at the component level. These predicted values are shown in Table 52 and 
with the exception of the W accelerometer, are one-half to one-third of 
the actual values. The prediction technique will be refined as more flight 
data becomes available and before predicted values are used in the error 
model . 


277 



Flight Control System 
by R. A. Edkin and T. W. Porada 


Flight Control Commands 

The Digital Computer Unit (DCU) and the Sequence Control Unit (SCU) performed 
satisfactorily in issuing the flight control system commands to other vehicle 
systems. The SCU receives its input from the OCU and converts this input into 
switch commands usable by other vehicle systems. 

Table 53 lists the SCU switching sequence and flight events. The column headed 
"Sequence" shows the time of the event from the start of each phase of flight. 
The column headed "Planned Time" shows the time after liftoff for each event 
based upon preflight actual launch time trajectory with launch day winds. The 
"Actual Time" column shows the time after liftoff that each command was issued 
by the SCU during flight. Other functions programmed by the DCU software are 
shown in the table to help in clarifying the flight sequence. 

Control Dynamics 

The dynamic behavior of the vehicle indicated that a normal environment was 
experienced. Vehicle dynamic response was evaluated in terms of amplitude, 
frequency, and duration of rate gyro, attitude error, digitally derived rate 
(DDR) of attitude error, engine gimbal angles and coast phase control engine 
firing data. These data indicated that the control system did not impose any 
severe loading or vibration environment on the vehicle. The vehicle respond- 
ed normally to all commands and transient disturbances <*nd showed a bounded 
limit cycle condition throughout flight. Centaur instrumentation rate gyro 
data are shown tabulated in Table 5^ at major flight events. 

At the Titan/Cepcaur separation (T+472.7 seconds) event, residual rates be- 
fore and after separation are shown below: 

Before Separation After Separation Requirement 

Residual rate, deg. /sec. 0.27 0.21 2.0 

No evidence of bumping or interference was evident from rate gyro or acceler- 
ometer data. The Centaur engines were observed to be at their null positions 
at the time of separation. A summary of the maximum rates and engine gimbal 
angles is shown below for the ignition and shutdown transients. Included also 
are those engine gimbal angles required for the maximum steering commands ob- 
served . 
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TABLE 53.1 

TC-2 FLIGHT SEQUENCE OF EVENTS 


PLANNED ACTUAL 

SCU SWITCH EVENT SEQUENCE TIME-SEC TIME-SEC 


84 

Reset 

GO INERTIAL (1) 

T-6 

T-6 

T-6 

85 

Reset 





86 

Reset 







SRM IGNITION (07 :11 :01 .057Z) 

T“0 

T+0 

0.0 

— 


LIFTOFF (2) 

T+0.2 

0.2 

0.4 

57,58 

Set 

BEGIN ROLL PROGRAM 

T+6.5 

6.5 

6.6 

57,58 

i Reset 

END ROLL PROGRAM 

T+7.0 

7.0 

6.7 


— 

BEGIN DCU PITCH, \AW PROGRAM 

T+10 

10.0 

10.6 

28 

Reset 

UNLOCK LH 2 VENT VALVE 1 

T+90 

90.0 

90.0 

34 

Set 

SEP FWD BRG REACTOR 

T+lOO 

100.0 

100.0 

34 

Reset 

RESET FWD BRG REACTOR 

T+102 

102.0 

102.0 



STG 0 SHUTDOWN (3) 

STG 0 

111.0 

111.7 

39 

Set 

RELEASE FWD SEAL 

STG 0 + 100 

211.0 

211.7 

39 

Reset 

RESET FWD SEAL 

STG 0 + 103 

214.0 

214.7 



STG 1 SHUTDOWN (4) 

STG 1 

262.0 

258.6 

61 

Set 

UNLATCH SHROUD CMD 1 

STG 1+60 

323.0 

319.1 

62 

Set 

UNLATCH SHROUD CMD 2 

STG 1 + 60.5 

323.5 

319.6 

8 

Set 

S2A ON 

STG 1 61 

324.0 

320.1 

(1) 

Go Inertial occurs 25 seconds after the 

control monitor group 

sends a command to 


start the DCU count 




(2) 

Liftoff 

- noted by DCU when computed acceleration is greater 

than 1.4g 


(3) 

Stage 0 

shutdown - noted by DCU when computed acceleration is 

less than 

l.5g 

(4) 

Stage 1 

shutdown - 



tl 
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TABLE 53.2 




TC-2 FLIGHT SEQUENCE 

OF EVENTS 







PLANNED 

ACTUAL 

scu 

SWITCH 

EVENT 

SEQUENCE 

TIME -SEC 

TIME-SEC 

61 

Reset 

RESET SHROUD CMD 1 

STG 1 + 61.5 

323.5 

320.6 

62 

Reset 

RESET SHROUD CMD 2 




8 

Reset 

S2A OFF 

STG 1+81 

343.0 

340.1 

1 

Set 

Y1 ON 




1 

Reset 

Y1 OFF 

STG 1 + 101 

363.0 

360.1 

2 

Set 

Y2 ON 




2 

Reset 

Y2 OFF 

STG 1 + 121 

383.0 

380.1 

12 

Set 

S2B ON 




12 

Reset 

S2B OFF 

STG 1 + 141 

403.0 

400.1 

24 

Set 

LOCK LO 2 VENT VALVE 

STG 2 - 30.5 

439.6 

435.1 

28 

Set 

LOCK LH, VENT VALVE 1 

It 

It 

II 

31 

Set 

LOCK LH^ VENT VALVE 2 

It 

It 

It 

27 

Set 

OPEN CONTROL VALVE 

STG 2 - 28.56 

441.54 

437.0 

29 

Set 

PRESS LO TANK 

II 

It 

II 

32 

Set 

PRESS LH 2 TANK 

It 

It 

II 

23 

Set 

PRIMARY-BOOST PUMPS ON 

STG 2 - 28.4 

441.7 

437.2 

18 

Set 

B/U-BOOST PUMPS ON 






STG 2 SHUTDOWN (5) 




65 

Set 

STG 2 S/D B/U 

STG 2 

470.1 

468.8 

17 

Set 

Cl CIRC PUMP ON 

STG 2 + 0.1 

470.2 

468.9 

21 

Set 

C2 CIRC PUMP ON 




63 

Set 

T/C SEPARATION (6) 

SEP 

475.6 

472.7 

64 

Set 





19 

Set 

OPEN PRESTART VALVES 

SEP +2.5 

478.1 

475.2 

27 

Reset 

CLOSE CONTROL VALVE 

SEP + 10.22 

485.82 

482.9 

(5) 

Stage II 

shutdown - noted by DCU when observed acceleration 

is less than Ig 


(6) T/C separation - commanded by DCU when computed acceleration is less than O.Olg 
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SCU SWITCH 


TABLE 53.3 

TC-2 FLIGHT SEQUENCE OF EVENTS 

PLANNED 

EVENT SEQUENCE TIME -SEC 



— 

MES 1 (7) 



22 

Set 

IGNITERS ON 

MES 1 

486.1 

20 

Set 

OPEN START VALVES 



22 

Reset 

IGNITERS OFF 

MES 1 + 4 

490.1 

17 

Reset 

Cl CIRC PUMP OFF 

MES I + 12 

498.1 

21 

Reset 

C2 CIRC PUMP OFF 



1-4 

Set 

YAW ENGINES ON 

MECO 1-20 

564.8 

5,6 

15,16 

Set 

Set 

PITCH ENGINES OK 

MECO 1-20 

564.8 

1-4 

Reset 

YAW ENGINES OFF 

MECO 1-10 

574.8 

5,6 

15,16 

Reset 

Reset 

PITCH ENGINES OFF 
MECO 1 (8) 

MECO 1-10 

574.8 





23 

Reset 

PRIMARY- BOOST PUMPS OFF 

MECO 1 

584,8 

18 

Reset 

B/U-BOOST PUMPS OFF 

If 

II 

20 

Reset 

CLOSE START VLAVES 

II 

II 

19 

Reset 

CLOSE PRESTART VALVES 

II 

II 

8 

Set 

SETTLING ENGINES ON 

MECO 1+0.1 

584.9 

10 

Set 

II 

If 

II 

12 

Set 

II 

II 

II 

14 

Set 

II 

II 

tl 

68,72 

76,80 

Reset 

RESET PU SWITCHES 

MECO 1 + 1 

585.8 

... . 


REDUCE TO 2S ENGINES ON 



12,14 Reset 

S2B, S4B OFF 

MECO 1 + 250 

834.8 



PtrATSJPP C T7MPTKTTT t)ATDC 

uati7!*/av T'UDniTnj 




n/ViN vjl!« 0 CirlO J tAxcxO 

rtALfWAi inKUUUH 


8,lu 

Reset 

S2A, S4A OFF 

2S 


12,14 

Set 

S2B, S4B ON 

ON MODE 



(7) MES 1 - commanded by the DCU 10.5 seconds after T/C separation 

(8) MECO 1 - commanded by the DCU based on guidance computed time 


ACTUAL 

TIME-SEC 

483.2 

487.2 

495.2 

564.0 

564.0 

574.0 

574.0 

584.0 

tl 

II 

II 

584.1 

II 

II 

II 

585.0 

834.0 

1307.1 
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TABLE 53. A 

TC-2 FLIGHT SEQUENCE OF EVENTS 


SCU SWITCH 

EVENT 

SEQUENCE 

PLANNED 

TIME-SEC 

ACTUAL 

TIME-SEC 


m 

INCREASE TO 4S ENGINES ON 




8,10 

Set 

S2A, S4A ON 

MES 2-120 

1779.7 

1779.7 

17 

Set 

Cl CIRC PUMP ON 

MES 2-60 

1839.7 

1839.5 

21 

Set 

C2 CIRC PUMP ON 




27 

Set 

OPEN CONTROL VALVE 

MES 2-38.06 

1861.64 

1361.4 

29 

Set 

PRESS LO TANK 

II 

II 

II 

32 

Set 

PRESS Lh| tank 

II 

It 

II 

23 

Set 

PRIMARY-BOOST PUMPS ON 

MES 2-28 

1871.7 

1871.5 

18 

Set 

B/U - BOOST PUMPS ON 




19 

Set 

OPEN PFESTART VALVES 

MES 2-17 

1882.7 

1882.5 

27 

Reset 

CLOSE CONTROL VALVE 

MES 2-0.28 

1899.42 

1899.2 



MES 2 (9) 




20 

Set 

OPEN START VALVES 

MES 2 

1899.7 

1899.5 

22 

Set 

IGNITERS ON 




1-4 

Reset 

YAW ENGINES OFF 

MES 2 + 0.2 

1899.9 

1899.7 

5,6 

Reset 

PITCH ENGINES OFF 

MES 2 + 0.2 

1899.9 

1899.7 

15,16 

Reset 





22 

Reset 

IGNITERS OFF 

MES 2 + 4 

1903.7 

1903.5 

8 

Reset 

END 4S SETTLED THRUST 

MES 2 + 5 

1904.7 

1904 . 5 

10 

Reset 

tl 

II 

M 

II 

12 

Reset 

II 

M 

It 

It 

14 

Reset 

II 

II 

II 

II 

17 

Reset 

Cl CIRC PUMP OFF 

MES 2 + 12 

1911.7 

1911.5 

21 

Reset 

C2 CIRC PUMP OFF 




1-4 

Set 

YAW ENGINES ON 

MECO 2-20 

2156.5 

2152.9 

5,6 

Set 

IITCH ENGINES ON 




15,16 

Set 





1-4 

Reset 

YAW ENGINES OFF 

MECO 2-10 

2166.5 

2162.9 

5.6 

Reset 

PITCH ENGINES OFF 




15,16 

Reset 





(9) MES 2 - 

commanded by the DCU based upor 

idance computed 

time 
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TABLE _ 

53.5 






TC-2 FLIGHT SEQUENCE OF EVENTS 




SCU SWITCH 

EVENT 


SEQUENCE 

PLANNED 

TIME-SEC 

ACTUAL 

TIME-SEC 




----- 

MECO 2 (10) 






23 

Reset 

PRIMARY-BOOST PUMPS OFF 

MECO 

2 


2176.5 

2172.9 

19 

Reset 

CLOSE PRESTART VALVES 

tt 



II 

tf 

20 

Reset 

CLOSE START VALVES 

It 



tl 

It 

18 

Reset 

R/U-BOOST PUMPS OFF 

tl 



It 

If 

68,72 

Reset 

RESET PU SWITCHES 

MECO 

2 

+ 1 

2177.5 

2173.9 

76,80 

Reset 







95 

Reset 

ENABLE TE364 IGNITION 

MECO 

2 

+ 60 

2236.5 

2232.9 

73,74 

Set 

FIRE SPIN ROCKETS 

MECO 

2 

+ 70 

2246.5 

2242.9 

73,74 

Reset 

FIRE SPIN ROCKETS (RESET) 

MECO 

2 

+ 70.8 

2247.3 

2243.7 

35 

Set 

FIRE WIRE CUTTERS 

MECO 

2 

+ 71 

2247.5 

2243.9 

69,70 

Set 

SEP TE364/FIRE RETROS 

MECO 

2 

:• 72 

2243.5 

2244.9 

69,70 Reset 

SEP TE364/FIRE RETROS (RESET) 

MECO 

2 

+ 77 

2253.5 

2249.9 

35 

Reset 

FIRE WIRE CUTTERS (RESET) 

MECO 

2 

+ 77.1 

2253.6 

2250.0 



TE364 IGNITION 




2290.5 

2285.8 



BURNOUT 




2234.3 

2330.7 



HELIOS SPACECRAFT SEPARATION 




2406.5 

2401.5 


(10) MECG 2 - commanded by the DCU based upon guidance computed time 
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Table 5^ 

Centaur 

Rotational Rates and Engine 

Gimba) Angles 

During Powered 


F'I i ght 




Gimbal Angle/ 

Event 

Time 

Axis 

Rate Oeq/Sec. 

Axis 

Control Capabi 1 i tv 

MES 1 

483.2 

Pitch 

-1.5 

P i tch 

+1.3/+3.0 



Yaw 

-0.1 

Yaw/Rol 1 

-.5/+3.0 



Roll 

-1.4 


1st 

492.2 

Pitch 


Pitch 

+1 .4/+3.0 

Burn 


Yaw 


Yaw/Rol 1 

-2.0/+3.0 

Steering 


Roll 



MECO 1 

584.0 

Pitch 

-.2 





Yaw 

-.1 





Roll 

-.5 



MES 2 

1899.5 

P i tch 

-4.3 

P i tch 

+2.4/+3.0 



Yaw 

-.4 

Yaw/Rol 1 

-.4/+3.0 



Roll 

-3.6 


2nd 

No 

Pitch 

No 

Pi tch 

No 

Burn 

Data 

Yaw 

Data 

Yaw/Rol 1 

Data 

Steering 


Roll 




MECO 2 

2172.9 

P i tch 

0 





Yaw 

0 





Roll 

-.8 



Fire 

2242.9 

Pi tch 

-.06 



Spin 


Yaw 

0 



Rockets 


Roll 

+ .08 




A limit cycle of approximately 0.7 degrees peak-to-peak at 3.5 Hz was observed 
during the first burn. This is normal operation. During the second burn, data 
were noisy and sporadic; a similar limit cycle, however, was discernible. 

The Centaur first coast showed the following duty cycles. This is defined as 
the ratio of disturbance torque to control torque quoted in percentage. 
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Table 55 Attitude Control 

System Average Duty Cycle 


Mode 

Ax i s 

Duty Cyc 1 e / 

Sett 1 i ng 4S ON 

Pitch 

14.4 


Yaw 

1 .2 


Roll 

0.1 

Retention 2SA ON 

P i tch 

6.9 


Yaw 

1.1 


Roll 

0.3 

Retention 2SB ON 

Pitch 

5.8 


Yaw 

0.1 


Roll 

0.8 


Following KECO 2, the Centaur aligned the spacecraft to the desired pointing 
vector and at T+2242.9 seconds spin rockets were commanded to fire. This 
event achieved a spin rate for the spacecraft of approximately 90 rpm* The 
spin rate history of the table is shown in Figure 107. It was observed that 
the spin decay was approx itnate I y twice as fast as those observed on Pioneer 
flights. An impulsive clockwise roll disturbance resulting in a roll rate 
of 0.4 degrees/second at the spin up event was observed on Centaur. This has 
been observed on Pioneer flights and is associated with breaking the restrain- 
ing line which keeps the spin table from rotating during the ascent. It was, 
however, lower in magnitude as shown below. 

Table 56 

Vehicle Roll Rate Due to Breaking Rope Oegrecs/Second 

P i oneer AC -27 1 .2 

Pioneer AC-30 1.8 

Helios TC-2 0.4 

A large propellant residual on TC-2 Is the r..ajor difference T >r 

flights. This difference is under further study to determine if ved 

reduction in roll rate can be accounted for by the large proper.^ 'e. 
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PropePant Loading/Propellant Utilization 
by K. Semenchuk 


Propellant L,vel Indicating System (PLIS^ 

The propel l:'nt level indicating system (PUS) consists of a LH2 probe, LO2 
probe, and LO2 overfill sensor. LH2 and LO2 probes contain three hot wire 
sensors. The LO2 overfill sensor contains one hot wire sensor. Each sensor 
has two redundant sensing elements. 

The PUS is used to Indicate the tanking of the propellants to the desired 
levels. Each sensor give* -in indication that a certain level has been 
reached by the liquid propvilant by changing its operating ch>r<racterl st ics. 
This change is detected by the '^SE v.'hich gives a "wet" or "dry" light Indi- 
cation on the Blockhouse Auxiliary Fuel Tanking Panel. 

The LO2 and LH2 probe sonsors operate at 95 percent, 99* percent, and 100.2 
percent levels in their respective tanks. The L0<; overfill sensor Is located 
at appro^clma' sly 1.75 Inches above the 100.2 percent sensor. 

The Centaur level indicating system operated satisfactorily during the count- 
down. At liftoff, both tanks (LO2 and LH2) were at 100. percent levels. 

Propellant Utilization ^ ". em (PU) 

A propellant utilization (PU) system c.>nsists of LH2 and LO2 sensors, electri- 
cal harnesses, a servo positioner mounted on each engine mixture ratio control 
valve, and electronics circuitry housed within the Servo Inverter Unit fSIU). 
The SlU proyides error defection and valve servo positioner feedback exclta- 
t ion. 

The sign;«l generated by this circuitry is processed by the Digital Computer 
Unit (DCU) for creation of valve position commands. The OCU operates switches 
in the Sequence Control Un! (SCU) to drive the engine valve^i to the required 
position. 

The PU system (1) reduces residual mass of one propellant at depletion of the 
other propellant and (2) redur.,9 errors caused by dispersion due to tanking, 
tolloff, propellant uncertainties, and engine performance un-ertainties. 

The PU system controls mixture ratio as a continuous function of the mass 
ratio of propellants in the tanks. 

Ho PU controls occurred during first and third burns as expected. During 
first burn, the propellants stayed above the top of the probes; and the third 
burn was too short (II secs) for PU control. The propellant utilization sys- 
tem was operated closed loop during second and fourth burns. 
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The TC~2 Centaur PU flight constants programmed into DCU are shown below. 


... 4 .- 


Table 57 PU Flight Constants 


+326 1b. LO, 

+798 lb. LOj 
+145 lb. LO, 

-503 lb. LO2 
+0.1 Deg. 

+1.7 Deg. 

+65.0 Deg. 

-50.5 Deg. 

+65.5 Deg. 

-45.0 Deg. 

During the first burn, the PU servo positioners were locked at fixed angles 
shown above. At MES 2+5 seconds, the S/P valves moved to the LO2 rich 
limits to compensate for the biases and errors accumulated to this point. 

At MECO 2 -27 seconds, the valves were set at their last computed values of 
approximately 7 degrees each. At MES 3 ~28 seconds, the PU valves were nulled 
and remained nulled throughout the third burn as planned. At MES 4+5 sec- 
onds, the PU system was placed in closed loop control, and the servo position- 
ers immediately moved to the positive stops (LS2 rich) and remained there 
throughout the fourth burn. 

The LH2 rich condition during this burn is due to the large coast biases and/or 
a low boiloff rate of LH2 during the second and third coast periods. The actual 
fuel (LH,) and LOX (LO2) residuals at MECO 2 and MECO 4 are shown in Table 58 
below and are compared to the predicted values. 


Coast Bias jj^l 
Coast Bias ifl 
Error Bias 

Calibration Offset Bias 
Cl S/P Fixed Angle 
C2 S/P Fixed Angle 
Cl Positivu Stop 
Cl Negative Stop 
C2 Positive Stop 
C2 Negative Stop 


Table 58 LH, and LO? Residuals 



LH2 

(Lbs.) 


LO2 (Lbs.) 


Actual 

Predicted 

Actual 

Predicted 

At MECO 2 





Total 

Usable 

1048 

960 

4076 

4430 

At MECO 4 





Total 

290 

195 

798 

724 

Usable 

220 


726 



.4 
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At the end of the mission, the residual fuel was enough to sustain 13«5 
seconds of burn time. 

During the third coast period, the heaters on the servo positioners were 
cycled on-off three times as commanded by the DCU. The temperatures of 
the servo positioners were 62*F and 59‘F for Ci and C2, respectively at 
liftoff. The lowest temperature recorded was +26*F and the highest never 
exceeded +62*F for the entire flight. 
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Instrumentation and Telemetry Systems 


by J. M. Bulloch and T. J. Hill 


Instrumentation - A total of 569 measurements v«sre Instrumented, 523 PCM 
measurements, 23 twenty-four bit DCU words via the PCM system, and 23 analog 
measurements. 

The following measurements failed to provide valid data during the flight: 

CP5640 (LO2 Boost Pump Flange Longitudinal Vibration) failed to provide any 
vibration data during the flight. The data level was constant at the 50 per- 
cent (Information Bandwidth amplifier bias level). Satisfactory operation of 
the measurement was observed during prelaunch systems tests. The exact cause 
of the anomaly is unknown. 

CA289T iTank Skin 2A26/90) indicated off scale high until seconds into the 
flight. The measurement had failed previously during TCD and was not repaired 
due to inaccessibility of the transducer under the shroud. The most probable 
cause of the anomaly Is a bad connection at the splice joint of the transducer 
leads to the harness wires. An improved technique for installing these splices 
has been developed effective TC-5, AC -40 and on. 

CPI87T (LH2 Boost Pump Decomposer Chamber) was attenuated throughout the flight. 
Additionally, negative steps of 4 percent IBW were noted at clrc pump start and 
Ignitor firing. Similar characteristics were noted during the FED and TCD. In- 
vestigation after the TCD indicated a short circuit in the thermocouple between 
the reference junction and RMU. Because of the large number of measurements 
utilizing this RMU connector, it was decided not to troubleshoot or attempt to 
fix the measurement because of possible damage to the other measurements. 

The following measurements exhibited data anomalies during the flight: 

CP5630 (LO2 Boost Pump Flange, Lateral), CP56O0 (LH2 Boost Pump Flange, Lateral), 
CAoSbY (Forward Equipment Module AcoustlcTT Tn" all cases, recovery was with 
one to two seconds. The vibration and acoustic data Is recoverable during the 
transient period. This type of bias shift and recovery is typical of a momentary 
open in the coaxial cable/connector circuits between the accelerometer, 'T" cal- 
ibration connectors and charge amplifiers. 

CA6850 (Payload Adapter Longitudinal) exhibited a +3 percent IBW shift at For- 
ward Bearing Reactor separation. CA686O (Payload Adapter Radial) exhibited a 
(-) 5 percent IBW shift at the same time. Both measurements remained shifted 
for the remainder of the acquisition period. The most probable cause is trans- 
ducer sensitivity to ambient pressure changes. Testing in the lab has indicated 
these transducers (27-01922) can drift or exhibit shifts due to abrupt shocks 



when the pressure changes from ambient to a vacuum. This discrepancy wiii be 
eliminated by modifying the transducer electronics on TC-5 and up and AC ->37 
and up. CF6T (LO 2 tank ullage temperature) remained off scale high through- 
out the Cape Canaveral acquisition period except between 145 and 154 seconds. 

Data during this period showed three separate levels and is considered invalid. 
Downrange data from Hawaii indicates the measurement was providing valid data 
prior to the third burn up to MES 3* The measurement had failed during TCD 
and was not replaced due to transducer inaccessibility. Investigation after 
the TCD indicated an electrical open circuit within the LO 2 tank. Data indi- 
cates the anomaly was at the sensor. No further investigation is planned. It 
is believed this discrepancy may have been brought about by the unusually ex- 
tensive handling of the LO? standpipe when measurement CF23T was added for the 
extended mission. CPT33T (LO? Boost Pump Inlet Temperature) exhibited positive 
and negative noise spikes (up to band edge in amplitude) throughout the flight. 

No data was lost due to these transients. The spiking was caused by interaction 
in the common leg temperature bridge due to the intermittent nature of the CF6T 
transducer (see 3 above). This is a known operating characteristic of these 
common leg circuits. 

The following measurements ail exhibited data characteristics which are attrib- 
uted to a faulty splice between the transducer and harness: 

CAI 86 T (Superzip Outer 2688/-Z) exhibited an anomalous i5"F positive excursion 
between 23 and 26 se“.onds. CAl 76T (Shroud Skin Station 2551/128) exhibited an 
anomalous 50^F positive drift between 75 and 86 seconds, returning abruptly to 
the expected level at 86 seconds. CA 969 T (LH 2 Sump Radiation Shield Outer Sta- 
tion 2235 ) stepped off scale high at 472 seconds (T/C separation). Data prior 
to this time appeared valid. An improved technique for installing these splices 
has been developed effective TC-5 and on and AC-40 and on. 

The foilo'wing measurements all exhibited data characteristics which may be attrib- 
uted to the transducer becoming unbonded from the attach structure, resulting in 
poor thermal contact: 

CA288T (Tank Skin Station 2426/0), CA290T (Tank Skin Station 2370/0), and CA293T 
(Tank Skin Station 2334/0) ail exhibited erratic outputs (between iO and 30 per- 
cent IBW) from prior to liftoff to approximately T I 80 seconds. Data after 
180 seconds appears valid. 

CA291T (Tank Skin Station 2370/90), CA292T (Tank Skin Station 2370/180), and 
CA 29 VT (Tank Skin Station 2334/90) all indicated an unexpected warming trend 
beginning at 472 seconds (Titan/Centaur separation). 

CP744T (C2 Engine Beil Station 507 Inboard) indicated a drop in temperature to 
-1 12*F at MES 1 when a drop to -305*F was expected. The measurement indicated 
the expected ambient output prior to MES i. A thorough analysis of the data 
from these tank skin temperature measurements has not been completed and so it 
is not yet known how much of the data Is actually questionable. Until the 
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anomalies are defined, the cause of the (possible) anomalies cannot be deter* 
mined. 

CASS^tP (ISA Ambient Pressure) exhibited several negative transients during the 
first 15 seconds of flight. A similar anomaly was noted on TC-1 and on two 
ambient pressure measurements on AC-31. These transients are attributed to in- 
termittent liftoff of the wiper arm in the transducer. No significant data was 
lost. 

The Conrac transducer used in conjunction with this measurement is no longer 
being procured and is being phased out by a Servonics transducer. 

CPi 95P (C2 Pump LH 2 Discharge) did not read less than approximately IS psia at 
times when the transducer was actually sensing lower pressure. Since the meas- 
urement performed normal iy at all pressures above approximately 15 psia, the 
transducer was apparently at fault. It appears that some obstruction prevented 
the transducer wiper arm from traveling below the 15 psia point (the point at 
which it rested in a one-atmosphere pressure environment). The transducer had 
been calibrated over Its full range prior to installation and functioned prop- 
erty at tow pressures at that time. The cause of an obstruction that could have 
developed since that time is a matter for pure speculation. No further investi- 
gation is planned because this is the first time this problem has been reported 
with that type transducer and no data loss occurred in the area of interest for 
that measurement. 

Unexplained 37 Hz oscillation buildups and occasional spiking were observed on 
measurement CM42R (IRGU Pitch Rate Low Output) after T + 51 minutes during the 
flight. Similar oscillations and some spiking were also observed on this meas- 
urement during prelaunch operations. Maximum amplitudes of the oscillations 
and spikes did not exceed 15 percent IBW p-p (0.21 deg/sec p-p) and were general 
ly less that 10 percent IBW p-p. The oscillations were not apparent on the rate 
gyro output monitor ( CHAIR) . A post-flight analysis of the anomaly could not 
define any rate gyro package problem that could cause the observed phenomena 
(ref. PR#AG05262CP) . The 37 Hz oscillation mode Is believed to be the result 
of aliasing a higher frequency oscillation mode (probably 800 Hz) with the PCM 
measurement sampling rate (279 samples/sec). 

The first launch attempt of this vehicle on December 8 , 197A, was aborted due 
to redline measurement CPT62T (C-2 LH 2 Pump Inlet Temperature) drifting off- 
scale-high at approximately T -30 minutes. Subsequent investigation revealed 
a faulty transducer. Failure analysis indicated the cause was due to the im- 
proper use of glue to cement the interfacial seal in the connector when the seal 
is supposed to be press-fit into the connector. Some of the glue inadvertently 
got onto the connector pins resulting in intermittent operation at cryogenic 
temperatures. To prevent a future occurrence, survey 2-75 has been initiated to 
verify that the interfacial seal has not been glued into any connectors for all 
existing 55“01259 stock. 
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Telemetry Systems 


The performance of the Centaur FM/FM, PCM Link 1, PCM Link 2, and the TE- 
M-364-4 stage telemetry was satisfactory. A total of 582 measurements 
were Instrumented, 5^6 on PCM, 23 on the Centaur FM/FM, and 13 on '.he TE- 
M-361»-i» stage FM/FM. 

Signal strengths indicate satisfactory performance of the airborne RF system. 

This was the first Centaur vehicle to utilize a redundant PCM transmitter. 

The same PCM bit stream from the DCU was used to modulate different FM trans- 
mitters on 2202.5 and 2215.5 MHZ. The dual RF link was to assure data re- 
covery In the post-Helios phase of Centaur flight. Two Hi-galn antennas 
were also Installed on the Centaur for the same purpose. At T + 4173 (MECO 2 + 
2000 sec.) all three Centaur RF sources were switched from the omni antennas 
to the Hi-gain antennas. RF signal strengths rose approximately 30 db at this 
time, indicating satisfactory performance of the Hi-gain system and RF switches. 

Ground Station coverage and participating stations are shown In Figure 108. 

Two stations reported problems during the flight. ARIA 2 was unable to deploy 
its antenna and was unable to provide any coverage. As a result, there is a 
gap in the data available from T 1130 to AOS at ACN at T -i- 1246. 

The USNS Vanguard reported that it switched to a backup 30-foot antenna to sup- 
port the flight and that due to a late turning maneuver the ship's superstruc- 
ture interferred with the signal received by this antenna. Vanguard did have 
intermittent data coverage from T + 1869 seconds to Johannesburg AOS at T 4- 1916. 

The expected occulation of the signal received at CIF at liftoff did occur In 
the first second of flight. Coverage was provided at Complex 38 and Hangar J 
for this period. 



CENTAUR PCM NO. I - 2202.5 MHz TELEMETRY COVERAGE 



FLIGHT TIME-SECONDS 









TC-2 TELEMETRY 










FIGURE 108.3 
TC-2 TELEhiEIRY 
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TC-2 TELEMETRY COVERAGE 
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Tracking and Range Sa.'ety Systems 
by T. J. Hill 


C-Band Tracking 

Operation of the Centaur C-Band Tra>,king System was satisfactory from lift- 
off through the Antigua tracking internai with no discrepancies noted. No 
C-Band coverage was pianned from LOS at Antigua until acquisition by Hawaii 
radar. Data reports from Hawaii and Canton Island note considerable loss 
of data and intermittent tracking. Canton Island reported no valid data 
because the wrong range intervai was being used. 

Tananarive attempted to acquire the Centaur beacon at the end of TE- 36 ^ 
support at T + 2825 but Centaur had already set. 

Range Safety Command System 

Operation of the Range Safety Command (RSC) system was satisfactory. Signal 
strength (AGC) data indicated a satisfactory received signal level through- 
out the flight. Two short duration drops in AGC were noted, as expected, at 
Titan SRM jettison and shroud jettison. However, system capability was main 
tained during these periods. System control was maintained as the vehicle 
flew downrange by switching of RSC transmitter control. Station switching 
times are presented in the following table. 


Tat^e 59 


Station 

Carrier On (Sec) 

Carrier Off (Sec) 

Cape Canaveral 

-1982 

170 

Grand Bahama Island 

170 

460 

Ant i gua 

keo 

733 

Antigua transmitter sent 

RSC RF disable at 601 

seconds resulting in shut 


down of the airborne RSC receivers. 
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X DELTA TE-M-364-A SYSTEMS ANALYSIS 
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X DELTA TE-M-364-4 SYSTEMS ANALYSIS 


Mechanical System 
by R. C. Edwards 


During the TC-2 flight, the Delta structure performed satisfactorily. The 
payload attach fitting, TE-36A-4 nrator, and spin table safely withstood the 
structural loadings imposed during the booster and TE-364 thrust period of 
f 1 ight . 

The mechanical events occurred on time and no anomalies were noted. The ten- 
sion chord that secures the spin table in place functioned satisfactorily. 

The spin rockets were fired on time, breaking the tension chord. A spin rate 
of 92.5 RPM was imparted to the TE-364-4 motor and spacecraft. The motor at- 
taching clamp was severed on time and was jettisoned due to its own stored 
energy. Following clamp band separation, the four spin table petals rotated 
about hinges at their base to free the TE-364-4 motor from the spin table. 

The wire cutter device severed the wiring harness between the spin table and 
the timer mounted on the payload attach fitting. The payload clamp band and 
the "yo" weight were released on schedule and without any discrepancies noted. 

A maximum axial acceleration of 13.6 g's occurred at TE-364-4 burnout. The 
maximum pressure decrease in the payload compartment was 0.66 psi per second. 

A more detailed and extensive report on the performance of the Delta Stage 
will be published by the McDonnell Douglas Astronautics Company in July 1975. 
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Propulsion System 
by W. K. Taba^’a 


The performance of the solid propellant motor was normal. The 

ignition delay was 4i*.0 seconds. The action time of the motor was A 3 . 6 
seconds. The action time is defined as the time interval from when the 
chamber pressure reaches 300 psia on the ascending portion of the chamber 
pressure time history curve to when it reaches 100 psia on the descending 
portion of the curve. Combustion was smooth and stable. The maximum cham- 
ber pressure was 610 psia. 
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Electrical System 
by C. H. Arth 


The telemetry battery was satisfactorily above the redline value (26.0 VDC) 
at liftoff reading 29-3 VDC. The flight history of the telemetry battery 
voltage and current indicated normal performance. The ordnance battery sat- 
isfied the redline value of 11.0 VDC reading 11.06 VDC at liftoff and per- 
formed normally. 
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Telemetry and Tracking Systems 
by T. J. Hill 


Three radar stations (BOA, VAN and TAN) of the Space Tracking and Data Ac- 
quisition Network reported that the TE-M-364-i» stage beacon was responding 
with a "weak and iobing" signal. Lobing is defined as received signal 
strength variations in the transponders pulse returns. The STDN No. 502.3 
Network Operations Plan (NOP) for C-Band Systems specifies left-hand cir- 
cular polarization for Delta antennas. STDN stations would normally con- 
figure their stations for linear vertical polarization. Bermuda (BOA, 
Vanguard (VAN), and Tananarive (TAN) used linear vertical polarization, 
apparently causing the TE-M-364-4 signal to appear weak and lobing. Sta- 
tions configurating to circular polarization (Grand Turk, Ascension-STDN 
and Ascension-ETP) reported nominal signal strengths. The problem appears 
to be a result of cross-polarization between the TE-M-364-4 and the three 
STDN stations reporting difficulty. 

Station coverage data is included in Section IX in the discussion of the 
Centaur C-Band tracking. 
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XI FACILITIES AND AGE 


Comp 1 ex 4 1 Facilities 
b/ M. Crnobrnja 


Modifications Since TC-1 


The launch of TC-1 Proof Flight resulted in considerable damage to Trans- 
porter No. 2 due to a post-launch fire. The damage was assessed by a 
Launch Damage Committee and the following actions were implemented in re- 
sponse to the recommendations made by the Launch Damage Committee: 

1. Close all openings in the transporter base and masts to prevent entry 
of direct flame and debris. 

2. Install heat resistant boots over the SRM umbilical cables. 

3. Incorporate bulkheads in the transporter booms. 

k. Provide quick-opening latches for access doors at the base of the trans- 
porter masts. 

5. Eliminate the Firex system for the water deluge system. 

6. Initiate a prelaunch closeout inspection of areas at the base of the masts. 

7. Revise the post-launch Inspection team procedures. 

8. Operate the DTS and DRS systems until the launch complex is secure after 
launch. 

9. Add a CO 2 inertion system for the base of the transporter masts and booms. 

10. Add a new water deluge system to the base of the transporter masts. 

11. Modify the LOX vent line to return LOX to grade rather than dump overboard 
from Level 9 of the Umbilical Tower. 

Facility and Site Operation 

All facility systems required for the TC-2 vehicle performed satisfactorily. 
Launch damage was minimal and typical, If not cleaner, than other Titan launches. 
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Fluid Systems Operations 


by M. Crnobrnja 


Titan Propellant Loading 

Titan vehicle propellant loading was initiated on F-3 day and completed on 
F-2 day. Table 60 provides quantities and temperatures of propellants 
loaded on the Titan stages. 

The propellant loading system was identical to TC-1 except for the automatic 
temperature compensators which have been deleted. System operation was sat- 
1 sfactory. 

Centaur Propellant Loading 

Centaur propellants were tanked during launch countdown. Significant sys- 
tem operation event times are provided in Table 61. The system operation 
was satisfactory for launch countdown tanking, detanking during scrub and 
retanking for launch. 

The Centaur loading system was identical to TC-1 except for the rerouting of 
the LOX vent line from Level 9 to grade. 

Liquid Helium System 

Liquid helium flow for chilldown of Centaur vehicle turbopumps was initiated 
during countdown. Table 61 provides system operation event times. System 
operation was satisfactory. 
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TITAN PROPELLANT LOAD SUMMARY 
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TABLE 61 


C ENTAUR SYSTEM EVENTS 



Planned Time 
Min: Sec 

Actuai Time 
Min: Sec 

Start LO2 Chill down 

T-180 

T-107 

Start LO2 Tanking 

T-98 

T-99 

Start LH2 Chllldown 

T-90 

T-91 

Start LH2 Tanking 

T-70 

T-69 

LO2 at Flight Levei 

T-8 

T-i»7 

LH2 at Flight Level 

T-8 

T-30 

Start LHe Chilldown 

T-30 

T-20 

Secure LH^ Tanking 

T-0;90 

T-0:82 

Secure LO2 Tanking 

T-0;75 

T-0:67 

Secure LHe Chiiidown 

T-0:07 

T-0:07 
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Pneumatic Ground Systems 


by A. C. Hahn 


The pneumatic systems Include the primary helium, emergency helium, purge 
helium, and routine nitrogen systems. The three helium systems are pecu- 
liar to Centaur. The routine nitrogen storage supplies both the Titan and 
the Centaur nitrogen systems. Figures 110 through lll» provide Information 
on system operations. 

System operation was satisfactory and without anomalies during launch count 
down. 


310 




311 * 














FIGURE 112 








YC-Z Laua/ch 
Cx-v7 . i 



















Environmental Control Systems 


by A. C. Hahn 


Titan Air Conditioning System Operation 

The core air conditioning system supplies conditioned air to compartment 2A 
and to the start cartridges. System operation was satisfactory and without 
anomalies during launch countdown. 

Centaur Environmental Control System 

The Centaur Environmental Control System provides conditioned air or gaseous 
nitrogen to the payload, Centaur equipment module, and interstage adapter 
compartment. System operation was switched from ai' to GN 2 early in the one 
hour hold prior to the start of Centaur propellant -oading. Figures 115 
through 125 and Table 62 provide information on the Gi >!2 portion of the system. 

System operation was satisfactory and without anomalies during launch count- 
down . 

Right after liftoff the ground half of the payload disconnect separated from 
the umbilical duct. Movies and measurements of the start of payload duct 
pressure decay show that the ground half separated from the airborne half of 
the disconnect properly. The most likely cause of the separation of the ground 
half from the umbilical duct Is severe buffeting. The umbilical duct is sup- 
ported from the North Mast. Vehicle drift toward the North Mas." caused the 
severe buffeting. 
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I TABLE 62 

I I 

! 

I 

j A/C GNo FLOWS 

i 

TC-2 LAUNCH - DECEMBER 10, 197^ 
COMPLEX A1 

gn2 flow, lb/mi N 


COMPARTMENT 

REQUIRED 

ACTUAL 

MEASUREMENT 


Payload 

120+5 

121 

C0S2AR reed at 
panel meter 

LCC 

CEM 

90+5 

90 

C0S22R read at 

LCC 




panel meter 


ISA 

130+5 

130 

C0S23R read at 

LCC 




panel meier 



Data is from flow control assemblies downstream of the A/C units 
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Electrical G>*ound Systems 
by J. Nestor and H. E. Timmons 


Titan Electrical 


The Titan electrical ground systems configuration was essentially the same 
for the launch of TC-2 as it was for TC-1. The launch countdown is initia- 
ted and monitored from the Launch Control Console (LCC) in the Launch Con- 
trol Center. The actual processing of critical readiness and hold functions 
is performed by the Control Monitor Group (CMG) , a time-based automatic 
countdown controller. The CMG works in conjunction with peripheral equipment 
such as the Vehicle Checkout Set (VECOS), Tracking and Flight Safety Monitor 
Group (TFSMG) , and Flight Safety Checkout Control Monitor Group (FSCCMG) . 

Tha data received during the countdown is transmitted to various recording 
devices over hardline transmission systems, both from the vehicle and from 
the ground PCM system. Capability also exists to strip data out of the open 
locp RF telemetry signal. 

The flight of TC-2 was the first usage of a newiy built van/transporter set 
bu’lt specifically for NASA programs. The van/transporter set used on TC-1 
was one which was obtained from the Air Force, except for the Centaur Mobile 
Transfer Room (MTR) , which was new-build by NASA. The transporter structure 
and the MTR for TC-2 were essentially copies of the TC-1 equipment. However, 
the Titan van incorporated both Titan launch control and ground instrumenta- 
tion equipment into a single van (Figure 126). Previously, this equipment 
was segregated into two separate vans. The ground instrumentation equipment 
was new state-of-the-art design incorporating a higher signal level for bet- 
ter noise rejection. The launch control equipment was all built to the or- 
iginal Titan designs, with some of the components being obtained from a program 
of refurbishment of prototype equipment which had been previously stored at the 
contractor's plant in Denver. The transporter cabling was also a new design 
which simplified the overall system wiring and reduced the amount of cabling 
requi red . 

A few modifications were made to the ground systems after TC-1. The more 
major cnanges included the addition of CO 2 and water deluge systems on the 
transporter for fire prevention, addition of current shunts in the ground 
power supplies to provide added data for troubleshooting, and the addition 
of a backup generator at the VIB to provide power in the event of a main AC 
power outage. 

One major change in the data system involved the first usage of the Data Re- 
cording and Quick-Look Set (DRQLS) in the VIB. DRQLS replaced the remote 
Data Recording Set (DRS) previously used In the VIB to evaluate launch control 
event data. DRQLS provides a magnetic tape recording of the data as well as 
real time printout of each event change time-tagged to a resolution of 3 mil" 

1 iseconds. 
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LAUNCH CONTROL AND INSTRUMENTATION VAN 





DATA RECORDING SET 


The launch of TC-2 was originally scheduled to take place two days earlier 
than it actually did. This attempt was scrubbed due to the failure of the 
Centaur LH2 boost pump inlet temperature transducer. 

During the aborted attempt several minor problems occurred in the ground 
systems. These problems had no impact on the launch attempt nor the ac- 
tual launch two days later. The problems included five indicating lamps 
on various items of checkout equipment which were burned out during the 
launch preps and noise on one channel of data taken during the Automatic 
Vehicle Verification. An amplifier failed in the strip chart recorder re- 
cording LOX Fill and Drain Valve temperature at T-120 minutes. The ampli- 
fier was replaced and retested during the one hour built-in hold and per- 
formed properly thereafter. When CMC "B" power was applied from the Launch 
Control Console (LCC) at T-9O minutes, the indicator on the LCC panel failed 
to light. A check of the data showed that power was on and that this, too, 
was a burned out lightbulb. The CM6 count was then started and all events 
proceeded normally until the hold and abort for the boost pump transducer 
failure at T-10 minutes. 

The countdown and launch of Titan/Centaur -2 was accomplished with no major 
launch control or ground instrumentation systems problems. Table 63 pro- 
vides a list of minor anomalies discussed in the following paragraphs. The 
count picked up at T-625 minutes at 2:36 p.m. , EST (19:36 GMT), on December 9> 

1974. 

Prior to the start of the countdown the Programmable PCM Decommutator in the 
VIB used to decommutate Titan telenetry data dropped out of synchronization. 
This decommutator is used to strip various measurements out of the telemetry 
data stream for display and evaluation. Loss of synchronization results in 
display readings which are not representative of the actual data. 

This problem of "decom dropout" had been present on a random basis since 
the Terminal Countdown Demonstration (TCD) on October 22, 197^. Trouble- 
shooting had been unable to isolate the cause of the problem. In order to 
clear the problem once it had occurred, the mylar tape containing the addres- 
sing instructions must be read into the memory of the decommutator by use of 
a tape reader. The time to clear the problem is approximately 3 minutes. 

As of the launch date, the problem never had occurred more than two or three 
times in any one day, therefore, there was no launch constraint assigned. 

During the launch countdown the problem recurred one time, at approximately 
T-500 minutes. The memory was reloaded and synchronization reacquired. The 
problem did not recur any more through the remainder of the launch countdown 
activities. Had the problem increased in scope such that reloading the mem- 
ory could not solve it, a backup plan using a secondary data system had been 
agreed to by the concerned organizations. 
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TABLE 63 - TITAN LAUNCH CONTROL AND GROUND INSTRUMENTATION ANOMALIES 
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At approximately T-300 minutes, Titan measurement 7703 dropped In value 
approximately A-5 percent. This Is a measurement of the N 2 O 4 Injectant 
pressure In the Thrust Vector Control (TVC) tanks on the Solid Rocket 
Motors (SRM) which Is transmitted over the landline Instrumentation sys- 
tem. This is a significant measurement In that It is displayed on the 
Pad Safety Officer's (PSO) console in the Launch Control Center. It Is 

one of the measurements he uses to make a "go/no-go" determination on the 

status of the launch vehicle. There are two other measurements on the air- 
borne telemetry system which essentially duplicate the suspect measurement. 
Both of these measurements were steady and agreed in value with each other 
within 0.5 percent. It was, therefore, determined that the problem was 
confined to the instrumentation system only, either in the transducer or 
the ground signal conditioning system. Verbal assurance was given to the 

PSO by the UTC engineering team that the pressure was proper based on their 

monitoring of the telemetry data. Based on this assurance and a periodic 
update over the communications system, the PSO allowed the launch to con- 
tinue. 

The only other ground systems problems occurred after SRM ignition. At 
7:11:01.363, 0.306 seconds after SRM ignition but 0.066 seconds before 
indication of vehicle movement, the Stage II Hydraulic Accummulator Pre- 
charge Pressure No-Go indication came on as indicated by Data Recording 
Set (ORS) channel 028 going high. Normally this would indicate a drop in 
the precharge pressure below the lower allowable limit. However, the go 
indication from the same pressure switch did not go off, indicating a 
problem in the switch itself rather than an actual pressure decay. Both 
indications went off as expected when the Titan 2C1E umbilical disconnected 
at 7:11:01.588. The Stage II Hydraulic Accummulator Precharge Pressure Go 
signal 5s a core readiness monitor; i.e., is a prerequisite to entering 
the terminal countdown. Once the terminal countdown begins at T-32 seconds, 
the pressure is no longer Included in the launch ladder. The NO-GO part of 
the switch provides an indication only and is not involved in the launch 
sequence. 

At 7:11:01.444, again after ignition but prior to liftoff, a signal which 
goes from the Control Monitor Group (CMG) to the Vehicle Checkout Set 
(VECOS) pulsed off and back on 3 milliseconds later. The signal, "VECOS 
CST Power Enabled," is used to turn VECOS power on when a test is to in- 
clude a plus count demonstration. It is not used at all during a launch. 

The pulse probably occurred as the result of the vibration caused by the 
SRM ignition sound wave. The signal is a patched signal using patch cords 
in a program board. Since it was not significant to the launch and since 
the patchboard must be removed and repatched prior to the next usage, no 
attempt will be made to isolate the exact problem. 

The disconnect sequence of the Titan umbi Heals was not per plan. The 
Stage I electrical umbilical (ICIE), which was to be the first core umbilical 
out, actually came out after one of the upper Stage II electrical umbi Heals, 
2A1E. No detrimental effects of this sequence were noted, the only concern 
being that the sequence had not previously been tested. The umbilical re- 
lease sequence on TC-l had also been different than the desired sequence. 
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As a result of the evaluation of the TC-1 sequence, it was decided to modify 
the lanyard rigging associated with all the Titan umbilicals in an attempt 
to achieve the desired sequence for TC-2. The lanyards for the two Solid 
Rocket Motor umbilicals, LBIE and RBIE, were shortened by one inch each while 
the core umbilical lanyards were each lengthened by various amounts (ICIE - 
1/4 inch; 2A1E - 3/8 inch; 2A2E - 1/2 inch; 2C1E - 3/4 inch). In addition, 
an adjustment was made in the J-bar position for LBIE and RBIE which lowered 
it 1/2 inch. Normally, these adjustments would have resulted in the proper 
sequence. However, on the TC-2 launch, the J-bar to which the ICIE umbilical 
was attached became overloaded causing it to deform. This deformation caused 
the umbilical to release slightly later than predicted. The load in the ICIE 
lanyard was estimated to be about 250 pounds based on the 3/8 inch permanent 
deformation which remained at the J-bar after launch. The allowable load 
limits for the static pull force on this umbilical are 70 to 230 pounds. The 
dynamics of the launch may have added to the static forces normally encountered 
during testing which would account for the deformation and resultant late um- 
bilical disconnect. Post-launch review has shown that this sequence is accept- 
able and no change will be made to the umbilical lanyards for on-going vehicles. 
Table 64 shows the Titan umbilical sequence. 

Centaur Electrical 


All systems performed satisfactorily throughout, countdown and launch operations. 
No problems nor any significant discrepancies were observed. The second MTR, 
in conjunction with Van Set No. 4, was used for the first time in support of a 
launch, and is scheduled to be used next to support activities for the Viking 
A (TC-4) launch. 

Some important modifications to Complex 4| were implemented after the launch 
of TC-1 to provide for improved operations and to accommodate TC-2 configura- 
tion changes. One of the more significant design improvements, resulting in 
lower operating costs, was the incorporation of ’’Local Control” capability in 
the AGE Building and MTR. The vehicle power and pneumatic systems were modified 
to permit, at the cognizant engineer’s option, the performance of checkout and 
validation procedures at the complex without the support from the VI B that had 
previously been necessary. This change permits more expeditious performance 
of tests involving these two systems, at the same time frees the VIB for other 
tasks that could be performed concurrently. 

The complex was also modified from TC-1 configuration to provide for performance 
of the boost pump rotation tests as described in Section IX of this report. The 
propulsion and attitude control system was modified to provide for GSE control 
to ooerate and monitor the spin tests from either the AGE Building or the VIB. 
The change in TC-2 mission requirements from two burn to four burn mandated 
the use of two airborne helium bottles as in TC-1. This change, as described 
in Section IX of this report, had the added requirement that the two bottles 
be capable of being individually charged or discharged. The pneumatic control 
system was modified to provide this capability from either the complex or the 
VIB, as well as providing the added Instrumentation to permit continuous mon- 
itoring of bottle temperatures and pressures via landlines. 
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TABLE 61* - TITAN UMBILICAL DISCONNECT TIMES 


i 

i 
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Centaur Umbi 1 ical s 


The Centaur umbilicals performed satisfactorily with one exception. The 
shroud cavity pressure probe umbilical did not separate as planned. This 
umbilical consists of a vinyl tube which slips over a 1/A-inch tube which 
protrudes through the shroud about two inches. The tube is located near 
the LH 2 fill and drain valve. Between the surface of the shroud and the 
end of the tube is a coil of wire (tube stripper) to which a retract lan- 
yard is attached. The retract lanyard is actuated with the LH 2 fill and 
drain valve lanyard. Post-launch examination of the pressure probe umbili- 
cal revealed that the tube stripper was not attached to the lanyard and the 
vinyl tube had fractured with very jagged edges, which seems unusual for 
vinyl tubing. GDC has performed some special tests to determine the cause 
of the umbilical failure. The results of the testing are presented in GDC 
report 671-6-75~10 titled "Shroud Cavity Pressure Probe Umbilical." GDC 
will maintain the existing configuration of the Shroud Cavity Pressure Probe 
Umbilical Retract System except that they will replace the present tube 
stripper with one made from larger diameter wire. The GDC static tests 
showed the stripper made from the larger diameter wire to have an ultimate 
strength of 143 lbs. at -100°F as compared to 61 lbs. at -100®F for the 
stripper used on TC-2. 

The Centaur umbilical disconnect sequence is shown in Table 65. 
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TABLE 65 - CENTAUR UMBILICAL DISCONNECT TIMES 




Umbilical 600P5 Disconnected (Rise-off) 



Delta Stage Support Systems 
by A. Lleberman 


All AG^ and facility installations in support of the third stage Delta 

vehicle and its associated GSE operated satisfactorily during prelaunch > 

and launch operations. ^ 

The first-time use of the Delta third stage on the ITL required modifica- 
tions to the ITL to provide checkout and launch capability. Delta GSE for 
monitor and control of Delta functions were located in the Launch Control 
Center No. 1 in the VI B, in Equipment Room No. 2 of the AGE Building and on 
Level 11 of the MST. Interconnecting cabling was provided between the VI B 
Delta GSE, PSOC, DTS and Landline PCM systems, the AGE Building Delta GSE, 
spacecraft umbilical, MST and MTR. 

The Delta safe and arm and recorder control panel in the LCC provided remote 
SSA arming and monitoring as well as remote control of the Delta recorder on 
Level 11 of the MST. The PSOC provided an arm permission signal to the S&A 
panel. The delta TLM and instrumentation control panel in the LCC controlled 
and monitored Delta stage power. 

The GSFC power supply rack in the AGE Building provided ground power for the 
S6A circuits, local monitor and control of various Delta stage functions and 
local control of the Delta recorder on the MST. Space and facility power were 
provided to miscei 1 aneous Delta GSE jn l.-vel 11 of the MST for Delta checkout. 

The recorder monitored the Delta pyrotechnic system during prelaunch opera- 
tions. In addition, the installation provided simultaneous transmittal of 
these signals via the MTK to Complex 36 and the CIF. 

The Delta portable ground station located in the LCC was cabled to an existing 
VI B receiving antenna to permit ground checkout of the Rf systems with the 
vehicle at the pad. 
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Hel ios A Spacecraft Support Systems 
by A. Lieberman 


All AGE and facility Installations In support of the Hellos spacecraft 
and Its peculiar GSE operated satisfactorily during prelaunch and launch 
operations. 

The support of the Helios payload on the ITL required modifications to the 
ITL to provide checkout and launch capability. Hellos GSE for monitor and 
control of the spacecraft during prelaunch and launch operations were lo- 
cated in the AGE Building and on Level 12 of the MST. Interconnecting 
cabling was provided between the AGE Building Helios GSE and Level 12 of 
the MST, the spacecraft umbilical cable and the Range interface to Hangar 
AO. Ground power and adapter cables to mate with German type connectors 
were also provided. 

Ground checkout of the Helios RF systems was accomplished using a system 
of reradiating antennas on Level 12 of the MST coupled to a CSS antenna. 
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